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(Foredrag hallet infor Geologiska Foreningen den 6 februari 1941.) 


I Macnusson—GraNutunDs lirobok »Sveriges geologiy, som utkom 
for nagot dver fyra ar sedan, har statsgeologen Magnusson lamnat en 
relativt fyllig redogérelse for den skandinaviska fjallkedjans byggnad. 
Den refererande framstillningen grundar sig i ganska stor utstrackning 
pa de erfarenheter, som gjorts under de tvenne sista artiondenas kart- 
laggning inom Viasterbottensfjallen. Och en karta éver detta fjall- 
omrade atfdljer framstillningen. 

Enligt den nimnda berggrundskartan éver Vasterbottens fjalltrakter 
uppbygges stérre delen av omradets éstra halft av »Fj dllrandbildningar», 
vilka uppdelas 1 en hégmetamorf vistlig facies och i en 6stlig icke 
metamort eller lagmetamorf facies. Mellan urberget 1 éster och fjall- 
randbildningarna léper en zon av kambrosilur. 

Inom kartans vastra halft urskiljas koliutbildade (lagmetamorfa) 
och seveutbildade (hégmetamorfa) kambrosiluravlagringar, olivinste- 
nar, fjallgrénstenar och fjallgraniter, alltsa kambrosilursediment med 
inneslutna eruptiv. 

A kartan gruppera sig kambrosilurens och fjallrandbildningarnas 
hégmetamorfa delar i ratt stor utstrickning kring fjilleruptiven, vilkas 
roll i Magnusson—GRraNLuNDs bok karakteriseras med foljande ord: 
»Graniterna och syeniterna, och framforallt de férra, vilka aro de domi- 
nerande, hava tillsammans med veckningsprocessen varit huvudak- 
térer vid den omkristallisation, som i stor utstrickning forandrat fjall- 
kedjans sediment till kristallina skiffrar. Aven de i fjillens seveberg- 
arter i riklig mingd upptradande amfiboliterna hava dock spelat en 
stor roll.» 
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Fig. 1. Schematisk karta éver Vasterbottens fjalltrakter. 
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\\!>\ 7\| Urberg ster om fiillranden. 


~_>-=>-|Kambrosilur av dstlig facies samt 
~~~) underliggande Laisbergskvartsit. 


‘ .. Strémskvartsitserien. 


: a Sparagmitserien inom Blaikskallan. 


ny Sparagmitserien inom Stalonskallan. 


Gronstensskiffrar (urberg) inom 


Stalonskallan. 
++ _ 
4444,| Urbergsgraniter inom skallorna. 
Miyinhid 
aun \) Fjallgraniter. 
= | Olivinstenar. 
{ Fjallgronstenar. 


= Glimmerskiffrar och glimmergnejser. 


Granitgenomdrankta glimmerskiffrar 
och glimmergnejser. 


—— Lagmetamorfa fjallsediment. 
c= | Blaikskallans 6verskjutningsgrinser. 


_7| Forskjutningsgranser inom  Blaik- 
a skallan. 


Seveskallans (inkl. Stalonskallans) 
éverskjutningsgranser. 


Overskjutningsgrans mellan glim- 
merskifferskalla och Stalonskallan. 


Samma ar, som Maagnussons 
dversiktskarta sig dagen, utforde 
jag en kartliiggning inom éstra 
tredjedelen av kartomradet, den 
del av detsamma, som jag be- 
nimner Fjallrandomra- 
det. Den erhallna kartbilden 
har kompletterats vid senare 
besdk 1 omradet. Vid Geolo- 
giska féreningens mars-samman- 
ead forra aret liimnade jag en 
dversikt ver Fjillrandens berg- 
grund, varvid den nya kartbilden 
demonstrerades. 

De egentliga Vasterbottens- 
fjillen vasterut ha inom vissa 
begransade partier undergatt for- 
nyad geologisk granskning under 
de sista aren. Den karta, som 
har visas Over Vasterbottens fjall- 
trakter, fig. 1, ar en timligen 
schematisk éversiktskarta. Inom 
fjillrandens omrade aterfinnes 1 
stort den kartbild, som demon- 
strerades vid mitt foredrag forra 
aret, och som utgér resultatet 
av de sista arens kartlagegning. 
Nagra korrigeringar vad betrif- 
far grinsen mellan kvartsiterna 1 
oster, stromskvartsiterna 1 Blaik- 
skallans déstra delar, och kam- 
brosiluren ha foretagits, dels in- 
om sjilva éstra granszonen mot 
urberget och dels i trakten av 
Langsele. Bidrag till dessa komp- 
letteringar ha lamnats av Boli- 
den-geologerna E. Grip och T. 
Du Rierz. 

Vad egentliga Visterbottens- 
fjaillen betraffar foreligger utom 
QuenseL—Backuunbs fjallkarta 
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av 1929 ett korrektur av Geologiska undersékningens berggrunds 
katta Over Vasterbottens lin. A denna karta, som redigerats av fram 
lidne statsgeologen A. Héarom, ha de senare drens faltresultat till 
godogjorts. Ytterligare kan nimnas en geologisk karta 6ver Rivovardo- 
trakten i hollindaren J. M. Fapprcons avhandling éver naémnd 
fjilltrakt. Dessa kartor ha kommit till anvindning vid ritandet ay 
éversiktskartan. 

Jaimfora vi nu den nya kartan éver Vasterbottens fjalltrakter me 
densamma i Macnussons framstiillning i »Sveriges geologiy, sa falle 
genast vissa olikheter i 6gonen. Det giller sirskilt Fjallrandens omrade 
Huvudparten av omradets berggrund har 4 den nya kartan hanf6 
till stora 6verskjutningsskallor. I séder och 6ster utbreder sig Blaik 
skallan, som blivit ganska sénderskuren. I de fran skallan frilagda 
omradena titta kambrosilurbildningar fram. | 

Inom kambrosiluren finnas dels autoktona enheter, dels alloktona 
A éversiktskartan ha de ej kunnat nirmare sarskiljas. Under den fossil 
forande kambrosiluren ligger en kvartsitserie, dens. k. Laisbergs 
kvartsiten, som jag givit namn efter Laisberget inom sédr 
delen av Norrbottensfjallranden, dar den ar val blottad. Kvartsitserien 
har kunnat foljas fran lansgrasen 1 norr till trakten av Vojmsjén, da 
den synes kila ut. 

Inom Blaikskallan sirskiljas 4 kartan fdljande enheter: Urberg, 
sparagmitserie, strémskvartsitserie samt ett litet omrade kambrosilur, 
Den tillitserie, som pa flera stallen patraffats pa grinsen mellan sparag-_ 
mitserien och strémskvartsitserien, har pa grund av ringa horisonte 
utbredning ej kunnat komma med 4 kartan. 

De kataklastiska urbergsgraniterna av revsundstyp, som 4 karta 
ha inforlivats med Blaikskallan som dennas basala parti, ha i under 
sokta fall tydliga 6verskjutningskontakter mot underliggande kambro 
silur. Mot ovanliggande kvartsitserie ha inga kontakter kunnat under- 
sdkas. Graniterna aro dock sa kraftigt kataklasomvandlade genom 
hela sin massa, att man far utga ifran, att iven deras hingande kontak 
ter blivit kraftigt destruerade. Méjligheten att betrakta graniterna som 
sirskilda skallenheter ir dirfér ej utesluten. 

Inom sydvastra delen av den blottade Blaikskallan ha en del férskju 
ningsgranser samt smirre éverskjutningsgrinser inritats 4 kartan. Vid 
dessa forskjutningar ha sirskilt urbergsgraniterna kommit i dagen. 
Detta urberg betraktas alltsa Aven hir i sydvast som bildande understa 
delen av skallan. 

Sparagmitserien ovan urberget innehaller utom de dominerande falt- 
spatrika sandstenarna tvenne kvartsitavdelningar, den ena i mellerst 
delen och den andra i undre delen. De bast bevarade sparagmiterné 
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lar ofta rédvioletta firger. Hos de mera omvandlade typerna har 
lenna vanligen ersatts av en gréngré till gra fiirg. Nagot siiskiljande 
ww en Ovre rod och en undre gra sparagmitavdelning kan diirfér 
y ske. 

Strémskvartsitserien innehaller en fossilforande kalksandstenshori- 
ont med fossil av samma byggnad, som tidigare funnits vid Sérsjén 

Jamtland av G. Frépr samt avbildats och beskrivits av §. Rosin 
(919 i Uppsalabulletinen. Fossilet, som ansetts vara en protozo, ut- 
mirker sig genom en kléverbladsliknande form. Den fossilférande 
1orisonten har bade i hingandet och liggandet strémskvartsiter av 
etydande miktighet. Strémskvartsitseriens stratigrafi kan i 6vrigt 
aigas vara nagot monoton med ett antal avdelningar av vitgraa och 
raa sandstenar med mellanlagrande sandiga skiffrar och lerskiffrar 
wv rod och grén—gra fiirg. Grova, faltspatrika sandstenar finnas i 
eriens undre del. Blagraa, sa gott som faltspatfria kvartsiter héra 
1emma lingre upp i serien. 

Stromskvartsitseriens vixlande led finnas sarskilt val blottade och 
att tillgingliga sydést om Risbick, i Arksjéberget, dar Blaikskallan 
iter tar vid efter att Over ett brett omrade désterut varit bort- 
Jenuderad. 

Inom Blaikskallan finnas pa nagra platser inveckade svarta skiffrar, 
som antagits héra hemma inom kambrosiluren, ehuru nagra fossil ej 
patriffats. Endast det stérsta av dessa skifferomraden har kommit 
med a kartan. 

Stalonskallan ligger ovan Blaikskallan samt uppfattas som 
an randskalla till den stora seveskallan. Stalonskallans inre, vastra 
riins gar inom kartomradets norra del vid éverskjutningskontakten 
mellan sparagmiterna och glimmerskiffrarna vaster om dem. Sdderut 
har gransen pa grund av bristande undersdkningar ej kunnat dragas. 
Som kartan visar, finnes inom Stalonskallans sédra del, inom dess 
‘andzon mot underlaget, grénstensskiffrar, som hinforts till urberget. 
qrénstensskiffrarna Aro i regeln kraftigt kataklasomvandlade. I battre 
sevarade partier ha en del typer av basiska eruptivbergarter kunnat 
irskiljas, som till sammansittning ritt vil dverensstamma med bollar 
rv basiska eruptiv inom Stalonskallans grova konglomerat. 

Vid sidan av den markerat hégre metamorfosen inom Stalonskallan 
in inom underliggande Blaikskallan aro forekomsterna av gronstens- 
skiffrar inom bade éstra och vistra randzonerna av skallan, som undre 
ed iskallan alltsa, virdefulla bevis for Stalonskallans karaktir av over- 
kjutningsskalla. Av Stalonskallans olika bergartsled ha endast sparag- 
mitserien och grénstensskiffrarna samt nagra sma partier av granit- 
syeniturberg sirskilts 4 kartan. Inom sparagmitserien finnes betydande 
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urbergsmaterial. Skallans antagligen yngsta avdelning, tilliterna, som 
endast férekomma som lokala block inom ett begriinsat omrade, full- 
stiindiga forteckningen dver skallans mera prominenta bergartsled. — 

Efter dessa anmarkningar rérande fjillrandens omrade, som utgora 
ett komplement till mitt tidigare meddelande dirom (G. F. F. Bd 62. 
sid. 199-204), vergar jag till de lagmetamorfa sedimenten, till kélibild 
ningarna vaster om den hégkristallina sevezonen. I MagNussons ovan 


indelades i trenne stratigrafiska avdelningar. De tvenne éversta 6ver- 
ensstiimma val med de siluriska och presiluriska avdelningar, som jag 
tidigare urskilt inom Vasterbottensfjaillens centrala delar. Den underste 
avdelningens sammansiattning karakteriserar MaGNussoNn med foljande 
ord: »En understa avdelning av mera monoton karaktar, som bruka 
raknas som kambrisk men mdjligen helt eller delvis kan héra till de 
senalgonkiska sedimenten.» Nagon bergartssammansittning 4 denna 
undre avdelning finnes sedan ej.omnimnd. Jag formodar emellertid, 
att det syftas pa de svarta skiffrar och fyllitbergarter, som omnimnts 
av A. Héesom fran Vasterbottensfjaillens sydviastra delar, dir dessa 
sediment bilda den undre delen av HécsBoms kéliserie. Nu 4r for- 
hallandet det, att kélisedimentens undre avdelningar hittintills varit 
mindre val kinda. I det féljande kommer jag att limna en del bidrag 
till klarliggandet av dessa undre avdelningars sammansittning. Men 
innan jag gér det, komma kédliskiffrarnas stratigrafi mom centrala 
delarna av Vasterbottensfjallen att med nagra ord beréras 1 anslutning 
till tabellen 6ver Bjérkvattnet—Virisen-omradets lagerféljd, se sid. 108, 
dar den siluriska lagerfoljden motsvarar den évre avdelningen samt 
den ordoviciska Guilliksserien ungefar den mellersta avdelningen i den 
av Macnusson refererade stratigrafien. Den siluriska avdelningen har 
tvenne med fossil daterade horisonter, nimligen Brokenseriens grapto- 
litskifferniva av rastritesalder och Slitdalsseriens korallrika kalkstenar 
av dalmanitesalder. Den siluriska lagerféljden inledes med ett trans- 
gressionskonglomerat, Vojtjakonglomeratet, som ar fdljbart Sver stora 
delar av Vasterbottensfjillen samt gar aven vidare mot norr och 
sdder. 

Inom den dévre delen av den ordoviciska lagerféljden upptrada 
polymikta konglomerat och faltspatrika sandstenar av karakteristiska 
utbildningsformer. Dessa sediment av gillikstyp ge antydan om att 
de tillkommit under en raétt markerad nedbrytningstid inom det kale-— 
doniska geosynklinalomraddet. Inom Gilliksserien forekomma dven 
spridda smala nivder av effusiva grénstenar, som utgdra de senare 
yttringarna av den vulkanism, som den underliggande vulkanbergarts- 
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tika Mesketserien ger vackra bevis pa. I tabellens understa del noteras 
vidare det egendomliga olivinstenskonglomeratet samt olivinsten, som 
med all reservation har inférts i den stratigrafiska tabellen. Olivinstenen 
betraktas ju i vanliga fall som en typisk intrusivbergart. 

Sedan jag 1933 uppstiillt den hir refererade stratigrafien, ha forsék 
gjorts att finna igen den inom andra delar av Lapplandsfjillen samt att 
bygga den vidare mot liggandet. Jag skall redogéra fér nagra under- 
sdkningar med nimnda syfte fran trakten av Ikisjaure inom sddra 
Norrbottensfjillen, vidare fran trakten av Alsvattnen inom Vist- 
terbottensfjillens nordligaste del samt slutligen fran samma fjillom- 
rades sydviastligaste del, fran trakten nordvist om Kultsjén. 

A Quenset—Back.unps Visterbottensfjillkarta av 1929 férekomma 
flera kalkstensstrak inom kartans nordvastra hérn, kring Overuman 
och nordést dirom. De miktiga kalkstenarna ha vid de tidigare under- 
‘sOkningarna antagits vara »kalkstenshorisonten inom geosynklinalsedi- 
menten», det vill saga den fran mellersta delen av Vasterbottensfjallen 
omtalade slitdalskalken. Foéljer man emellertid med anvandande av 
det norska geologiska kartbladet »Rana» kalkstensstraken mot norr 
till Saltdalen samt sa mot dster in 6ver grinsen mot Sverige vid Graddis 
och mot nordést 6ver sjéarna Ikis- och Mavasjaure fram till Pieskijaure, 
sa kan man konstatera, att kalkstenarna hora till de s. k. pieskikalk- 
stenarna. Om dessa kalkstenar ar det bekant, att de ligga laigre 
inom den geosynklinala lagerserien in mellanordovicium; det visar 
fossilfynden inom Sulitelmatrakten. (Norges geologiske undersokelse. 
N:o 121, 1927.) Pieskikalkstenarna kunna diarfér ej korreleras med den 
siluriska slitdalskalken. 

Inom Ikisjauretrakten, som ligger c:a 3 mil séder om Sulitelma, 
patraffade jag 1934 tvenne fossilforande nivder, som ligga betydligt 
6éver dessa trakters pieskikalkstenar. Deras lagen framga narmare 
av tabellen. Den ena av dessa nivaer befanns vara den korallrika Slat- 
dalsserien i margelskifferutveckling. Liksom inom Vasterbottensfjallen 
lag Slitdalsserien har direkt pa ett kvartsitkonglomerat, det typiska 
vojtjakonglomeratet. Den andra fossilférande nivaen patriffades ett 
gott stycke lingre ned i lagerserien samt utgjordes av polymikt konglo- 
merat av gillikstyp, d. v. s. konglomeratet hade ungefir samma anmark- 
ningsvirda sammansittning som de likbeniimnda inom Vasterbottens- 
fjallen, forande underordnat med kvartsalbitgraniter och kvartsalbit- 
porfyrer samt dolomiter bland sina bollar. I évrigt férekommo ett 
antal typer av sandiga och slamrika sediment som bollar 1 konglo- 
meratet. Konglomeratet hade pa en lokal inom Neidatjakko norr 
om Ikisjaure en miktighet av c:a 80 m. Fossilen funnos 1 tunna kalk- 
stenslinser och intermittenta horisonter, framférallt inom konglome- 
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Omradet kring Ikisjaure 


omradet Nedre Alsvattnen . samt sdder dirom 
Viris- Kvartsiter 
serien 
Lévfjills- Fylliter, kalksand- | Granatglimmerskiffrar 
serien stenar, skiffrar 
Broken- —__Lerskiffrar med Lerglimmerskiffrar Lerskiffrar — nagot 
serien Graptolitfauna samt margliga skiffrar; i mel- 
kvartsiter | lersta och undre delen 
| med miaktiga grénstens- 
nivaer (antagl. intrusio- 
| ner) 
Slitdals- Kalkstenar med | Glimmerkirvfylliter |Margelskiffrar 
serien Korallrik fauna med kalklinser; 
Korallrik fauna 
Vojtja- Kvartsitkon-|Kvartsitkonglo-|Kvartsitkonglo- 
serien glomerat och| merat med en del| merat och kvartsit 
kvartsiter groénstensbollar | 
GRANS MELLAN SILUR OCH ORDOVICIUM 
Gilliks- Skiffrar, Gilliks- | Kalkglimmerfylliter med | Kalkfyllitserie, Grén- 
serien kvartsiter, Gil-| kalkstenslinser; grén- | stensagglomerat i 6ver- 
likskonglome-| stensnivaer i undre sta delen. 
rat, karbonat-; delen ; Gillikskonglo- 
skifferbergarter, ef- merat med kalklinser; 
fusivnivaer | Korallf6rande fauna. 
Mesket- Effusiva mes-|Effusiva mesket-| Fyllitserie med gron- | 
serien ketgroénste- gronstenar samt| stensnivaer. 
nar samt aven| &4ven sura erup-|Svarta skiffrar med por- 
sura eruptiv,| tiv. > fyrniva. 
skiffer-, karbonat- | Maktig lagerserie av) Fyllitserie med miaktig 
bergarter fyllitglimmerskiffraroch | grénsten i mellersta 
lerglimmerskiffrar med) delen. 
aven sandiga led; tvenne | Ovre kalkstensserie, 6vre 
dolomitavdelningar; un- | pieskikalken, med grén- 
derordnat grénstens- stensnivaer. 
nivaer Fylliter. 
Rotik- Olivinstenskonglo- Kvartsfylliter 
serien merat Kalkfylliter med grén- 


Olivinsten 


Kalkstensserie, ° 
pieskikalken 


under 
inom kalkstens- 


Olivinsten 
eller 
serien 


stensniva. 


Undre kalkstens- 
serie, undre pieski- 
kalken. 


Serpentinskiffer- 
linser. 


Svarta skiffrar samt aven 
gra lerskiffrar och svarta 
och vita kvartsiter. 


Granitporfyrer och gra- 
niter. 
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ratets undre del. I vanliga fall voro fossilen si gott som helt omkristalli- 
serade samt obestimbara. Under 1934 ars undersdkningar patriffades 
forutom pelmatozostjilkleder ett enda nagorlunda bestimbart fossil, 
en cf. Columnaria vacua Forrstr. Under 1935 ars sdkande komplette- 
rades detta fynd med 5 st. Halysites-kolonier, som lago i en nivé inom 
konglomeratets mellersta del. 

Av avdelningarna i tabellen aro de dvre ned till »Ovre kalkstens- 
serien) uppmatta i fjillmassiven norr om Ikisjaure och fran och med 
nimnda kalkstensserie samt nedat i trakterna séder om sjén. Bade 
den évre och den undre kalkstensserien héra hemma inom de s. k. 
pieskikalkstenarna. 

Medriiknas ej de olika grénstensbergarterna, som i storsta utstriack- 
ning torde vara lagergangar, blir den uppmiatta sedimentlagerféljdens 
maktighet i runt tal 3000 m. Av denna utgoér den siluriska delen endast 
c:a 300 m och den understa avdelningen med svarta skiffrar c:a 200. 
Dessa svarta skiffrar innehalla nivaer av svarta kvartsiter av ungefir 
samma beskaffenhet som de mérka sandstenarna inom vissa partier 
av fjallrandens kambroordovicium samt kunna eventuellt vara fér- 
skiffrade graptolitskiffrar eller alunskiffrar. Nagra orstenar eller annat 
beviskraftigt material, som direkt kunnat knyta an bergarterna till 
nagon viss avdelning inom fjillrandens kambroordovicium, ha ej 
patraffats. 

Det ar emellertid hégst sannolikt, att praktiskt taget hela lagerfoljden 
under vojtjakonglomeratet, den presiluriska delen av bergarterna ned 
till granitporfyrerna och graniterna, hér hemma inom kambroordovi- 
cium. De miktiga kalkstenarna med mellanlagrande avdelningar torde, 
om man soker goéra en jimfoérelse med kambrosiluren av 6stlig facies, 
nirmast béra jamforas med ortocerkalken eller delar av densamma. 

Inom Storsjéomradets kambrosilur i Jimtland kan man saga, att 
under ortocerkalkens tid den kalkbetonade faciesen mot vaster efter 
hand ersittes av skifferfacies. Inom sédra Norrbottensfjillen och inom 
vaster dirom kommande norska fjillomraden synes férhallandet vara 
det, att kalkstenslagerserien fran att ha varit mycket miktig 1 vaster 
efter hand flikar ut och tunnar ut mot éster till sydést. Under forut- 
sittning av att det gjorda antagandet om pieskikalkstenarnas alder 
ager birkraft, skulle vi alltsa fa ett symmetriférhallande mellan sedi- 
mentationen inom den éstra och vastra faciesutvecklingen under ortocer- 
kalkens bildning, som kan leda till ytterligare slutsatser. Men innan 
man séker komma vidare, béra naturligtvis pieskikalkstenarnas alders- 
relationer ytterligare granskas. 

Inom trakten kring Ikisjaure funnos talrika nivaer av gronstenar 
inom hdgre och lagre led av lagerserien. Nagra lavastrukturer eller 
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andra ytstrukturer kunde emellertid ej observeras vare sig i de i 
siluriska eller i de ildre sedimenten liggande grénstenarna, fransett 
en tunn agglomeratutvecklad niva av grénsten inom den 6versta delenit 
av kalkfylliten ovan gillikskonglomeratet. | 

Den visterbottniska Mesketseriens stratigrafiska placering i lager- 
serien under gillikskonglomeratet fick ej nagon lésning i det nu be- 
handlade omradet. Av de tidigare undersékningarna hade det emel-— 
lertid framgatt, att den vulkaniska verksamheten i ringa utstriick- | 
ning hade fortlevt iven under gillikstid, varfor det var sannolikt, att 
Mesketvulkanernas kulminationstid ej var alltfor mycket aldre an gilliks- 
konglomeraten. Det kunde anses troligt, att den skulle infalla senare an 
den rikliga kalkstensavsittningen under pieskikalkstenarnas tid. 

For att komma till stérre klarhet 1 nimnda stycke gjorde jag sista 
sommaren under en éversiktsresa nagra dagars uppehall inom den nord- 
ligaste delen av Vasterbottensfjillen i trakten kring Ovre och Nedre 
Alsvattnen, dar bade mesketgrénstenarna och pieskikalkstenarna 
anstodo. Den undersékta lagerserien inom Alsvattensomradet finnes 
Atergiven i den stratigrafiska tabellen a sid. 108. De trenne stratigrafiska 
hallpunkterna i lagerserien aro vojtjakonglomeratet, mesketgronstenarna 
samt pieskikalkstenarna. Mellan grénstenseffusiven och kalkstenarna 
finnes en miaktig bergartsfoljd av skifferbergarter med fven sandiga 
led. En 6vre och en undre dolomitavdelning har kunnat urskiljas. 

Jag har tidigare formodat, att bade pieskikalkstenarna och mesket- 
gronstenarna hérde hemma timligen langt ned i ordovicium. Denna 
min formodan utgick ifran, att mesketvulkanismen sannolikt var 
likaldrig med bymarksvulkanismen inom Trondhjemsfaltet i Norge 
och att denna hérde hemma inom underordovicium. 

Efter min ovan meddelade undersékning ar jag benigen att flytta 
mesketvulkanismen ett stycke framat i tiden, till en betydligt hégre 
avdelning inom ordovicium. Men det saknas fortfarande paleontolo- 
giska beligg for en mera exakt placering. 

Man kan fraga sig, varfor pieskikalkstenarna endast forekomma inom 
nordviastra delen av Vasterbottensfjallen. Fran omradena norrut dr det, 
som tidigare omtalas, kant, att pieskikalkstenarna dir avtogo i maktig- 
het mot sydést. Beror deras bortovaro inom évriga delar av Vaster- 
bottensfjallen pa att de dir kilat ut, helt forsvunnit ur lagerserien, 
eller pa att de Aldre lagerfoljder, i vilka pieskikalkstenarna ha sin 
plats, ej] finnas blottade. Med erfarenheterna fran norr ar den férst- 
némnda méjligheten den sannolikaste. 

Ytterligare stéd for en sadan uppfattning kan Hares fran berggrun- 
dens sammansattning inom Vasterbottensfjaillens sydvastra del, fran 
exempelvis Fyallfjallstrakten nordvaést om Kultsjén. I denna trakt 
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finnes en miktig serie kvartsiter, som underlagra traktens alla évriga 
sediment och som médjligen stratigrafiskt motsvarar strémskvartsit- 
serien inom Fijiillrandens omrade. Nagonstans mellan denna basala 
kvartsitserie och de hégre upp i traktens lagerféljd kommande mesket- 
eruptiven, vojtjakonglomeratet och slitdalskalken borde pieskikalk- 
stenarna upptrida. Men det géra de ej. 

Den basala kvartsitserien underséktes fér forsta gingen for sa linge 
sedan som 1869 av A. E. TérNEBOHM, som konstaterade, att den till- 
sammans med glimmerskiffrar bildade en mot 6dster—sydést dver- 
stjilpt antiklinal. En av TérNeBoHM upprittad profilskiss genom 
Fyjallfjallens sddra del aterfinnes i A. HéqBoms beskrivning dver Ste- 
kenjokk—Remdalens malmtrakt av 1925 (S. G. U. Ser. C. N:o 329, 
sid. 25). Ovan den undre serien kom enl. TérNEBoHM glimmerskiffrar 
med lerskiffrar. H6Gsom ansluter sig till T6RNEBoHMs tolkning av 
tektoniken men anser, att kvartsiterna borde tolkas som ultrasura 
intrusivbergarter, som triingt fram fullstandigt konformt med ovan- 
kommande sediment. Kvartsitbergarterna benimndes granuliter samt 
ansagos vara kaledonisk eruptiv. Denna uppfattning blev den allmant 
radande och aterfinnes pa 1929 ars fjillkarta. 

Sommaren 1925 évertviirade jag tillsammans med den schweiziske 
geologen E. WEGMANN tvenne ganger Fyallfjallsomradet for att fa en 
uppfattning om omradets bergbyggnad och sarskilt de sura eruptivens 
upptridande. Vi kunde emellertid ej finna nagra eruptiv utan endast 
kvartsitbergarter, som uppbyggde den centrala antiklinalen. Vi for- 
modade emellertid, att sura eruptiv kunde finnas inom andra delar 
av Fyallfjaillens vidstrackta omrade. 

I sin ovan berérda avhandling framkastar HéeBom en formodan om 
att de svarta, kolhaltiga skiffrar, som komma ovan Fiallfjallens kvartsit- 
bergarter, skulle motsvara kambriska alunskiffrar. For att fa reda pa 
om det verkligen rérde sig om alunskiffrar, sdkte jag att 1 samband 
med Geologiska undersékningens malmletningar de sista aren i trak- 
terna kring Fyallfjaillen fa prov insamlade av de férmodade alun- 
skiffrarna. Nagra prov erhdllos ej. Men T. Du Rierz som under dr 
Ho6cxoms ledning utforde malmletningar, meddelade mig, att han pa- 
triiffat en del sparagmitiska bergarter inom Fiillfjaillsomradet. Och 
geolog J. EKLUND, som kartlagt norra delen av det s. k. granulitomradet, 
har omtalat, att bergarterna dverallt inom detsamma ha kvartsitisk 
och sparagmitisk sammansittning. 

Forra sommaren fick jag tillfalle att ater beséka Fjallfjallsomradet. 
‘Det visade sig, att sedimenten fran silurens bas, vojtjakonglomeratet, 
och ned till fjallfjallskvartsiterna uppbyggdes av helt dvervagande orda 
till svartgraa lerskiffrar och fyllitskiffrar med smiarre inlagringar av 


gal OSKAR KULLING. {Mars—April 1941. 


kalkfylliter, kvartsfylliter och fylliter. Nagra alunskiffrar patraffades 
ej. Forst ett stycke éster om Fiillfjaillsantiklinalen kom mesketgron- — 
sten och en horisont gillikskvartsit in i lagerserien. I den olivinsten, — 
som upptridde ungefir mitt emellan vojtjakonglomeratet och fjallfjalls- — 
kvartsiterna, noterades pa en lokal vacker sedimentia olivinstensbreccia, 
som visar, att olivinstenen vid ett tidigt tillfaille befunnit sig 1 erosions-— 
position. Nagonstans i nérheten av olivinstenen borde, enligt vad som ~ 
framkommit vid redogérelsen for de tvenne nordligare omradena, 
pieskikalkstenarna ha kommit in i sedimentlagerféljden. Men, som 
nimnt, géra de det ej. 

Ur den redogérelse for stratigrafien inom vissa utvalda trakter inom — 
Lapplandsfjillen som har lamnats, har det framgatt, att den stratigrafi, — 
som av mig tidigare uppstillts for centrala delarna av Vasterbottens- 
fjaillen, nu kan sagas har regional betydelse. Denna stratigrafi har kun- 
nat byggas nedat till att omfatta aiven de undre delarna av kdélisedi- 
menten. Av siarskilt varde torde vara, att pieskikalkstenarna blivit 
inpassade i samt knutits fast an till stratigrafien, da dessa kalkstenar 
ha en mycket vidstrackt utbredning pa norska sidan, inom de norska 
fjallen, dar en hégre regional metamorfos torde lagga stérre hinder i 
vagen for uppsparande av fossilforande nivaer, an som Ar fallet pa sven- 
ska sidan grinsen. 

Under den tidigare kartlaggningen av Visterbottensfjillen agnades 
stor uppmiarksamhet at fjilleruptiven och den kaledoniska metmor- 
fosen. De hégkristallina straken med deras glimmerskiffrar, glimmer- 
gnejser och amfiboliter ansagos som ofantliga kontaktgardar kring 
fjallgraniterna. Veckningsprocessen menades iiven ha spelat in liksom 
i nagon man de basiska eruptiven. De kristallina straken fértonade i 
de lagre metamorfa k6liomradena, och, dir ej forskjutningar satt in, 
kunde man allestiides steg for steg folja den avtagande metamorfosen 
fran seveskiffrar 6ver 1 k6liskiffrar. 

Vid mina undersékningar inom mellersta delarna av Vasterbottens- 
fjallen hade jag tillfalle att lara kanna den successivt stegrade regionala 
metamorfosen fran k6li- 6ver 1 sevebergarter. En redogorelse fér dess 
verkningar inom basiska effusivbergartsserier har jag lamnat i beskriv- 
ningen 6ver berggrunden inom Bjérkvattnet—vVirisen-omradet. Diar- 
emot kom jag ej att i nagon stérre utstrickning syssla med fér- 

-hallandet mellan eruptivbergarterna och metamorfosen. I det féljande 
vill jag helt kortfattat granska detta forhallande for de viktigare 
eruptiven. 

De ultrabasiska peridotiterna ha tringt fram samt kommit i ero- 
sionsposition redan tidigt, héra med andra ord alltid hemma inom 
lagerseriens undre delar. De ha i stort samma metamorfos som om- 
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givande berggrund samt torde ej utévat nagon anmirkningsvird kon- 
taktpaverkan pa sidostenen. _ 

De aldre grénstenarna, mesketgrénstenarna, iro ordoviciska lava- 
bergarter samt ha naturligtvis ej haft nagot inflytande pa meta- 
morfosen inom omgivande berggrunden. En stor del av amfiboliterna 
inom de hégkristallina skiffrarna raknas som metamorfa mesketgrén- 
stenar. De konformt i lagerserien intruderade grénstenar, som fore- 
komma bade i presiluriska och siluriska bergartslagerféljder, torde i 
storsta utstrackning vara siluriska. En del av de i undre delen av lager- 
packen forekommande gangarna kunna dock sta i genetiskt férband 
med mesketvulkanismen. 

Som yngre iin de siluriska lagergangarna riknas ett mindretal amfi- 
bolitiska gangar och delvis omvandlade diabaser, som sla igenom 
berggrunden. BI. a. skira sadana raka gangar av redan gnejsglimmer- 
skiffermetamorfa, veckade sevebergarter. Da dessa antagligen yngsta 
gronstensgangar i sin. tur blivit helt eller delvis amfibolitiserade, 
torde de vara ildre in det sista stadiet inom den regionala meta- 
morfosen. 

Det finnes ytterligare en del basiska eruptivbergarter sdsom noriter 
av Artfjallstyp samt en del gabbroida grénstensmassiv. Var dessa skola 
placeras ur alderssynpunkt, ar delvis osikert. 

Den normala kontaktmetamorfos, som de intrusiva delarna av fjallens 
groénstenar utévat pa sin nirmaste omgivning, torde i allra stérsta 
utstrickning ha suddats ut under den regionala metamorfosens 
forlopp. 

Komma vi sa till de sura eruptiven och sirskilt da fjallgraniterna, sa 
delar jag ej den uppfattningen, som gor gillande, att de utdvat ett sa 
stort inflytande pa omgivande berggrund, att de eruptiven omgivande 
metamorfa bergarterna béra betraktas som representerande jittelika 
kontaktgardar omkring eruptiven. I stillet skulle jag vilja géra gillande, 
att fjallgraniterna och anslutna eruptiv ofta synas upptrada diskordant 
i forhallande till den regiona metamorfosen d. v. s. forekomma 1 vax- 
lande metamorf miljé men att i en del fall ett pseudokonform-konformt 
upptradande ar for handen. En blick pa éversiktskartan visar ju redan, 
att en stor del av de sura eruptiven ligga inom de ligre metamorfa de- 
larna av fjallomradet. Jag skall helt kortfattat sdka belysa de sura 
eruptivens upptridande i en del undersokta fall. 

Inom sédra Norrbottensfjillen finnes ett stort granitomrade pa bada 
sidorna av riksgrinsen fran Nasafjall i séder till Graddis i norr. Omra- 
dena éster om detta granitmassiv uppbygges av koliskiffrar, vilka efter 
hand mot éster dverga i seveglimmerskiffrar. Narmast graniten kom- 
mer den serie av svarta skiffrar samt gra lerskiffrar och kvartsiter, som 
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bildar ligsta avdelningen inom sédra Norrbottensfjillens kolistratigrafi; 
de héra hemma inom den understa avdelningen i den stratigrafiska 
tabellen fran Ikistrakten. Skifferserien bir inga spar av kontakt- 
paverkan. Hj heller genomsittes den av granitgangar. Bade graniterna — 
sjilva liksom angrinsande sediment ha dock blivit kataklastiskt pa- 
verkade, sa att eventuellt forekommande smal kontaktgard eller paleg-_ 
ringskontakt mdjligen kan tiinkas ha blivit utsuddad. Man ville hellre 
betrakta det stora granitkomplexet som sedimentens primara liggande — 
in som ett kaledoniskt intrusiv. En sak ar emellertid fullt pataglig, att 
vi ej kunna géra det stora granitmassivets dstra del ansvarigt for att 
ha ut6évat nagon glimmerskifferskapande kontaktpaverkan pa omgi- 
vande sedimentiira bildningar. 

En annan typ representera de keratofyriska eruptiven med fven gra- 
nitkorniga led, som exempelvis finnas i omradet nordést om Nedre 
Alsvattnet i Vasterbottensfjillens nordvistra del. Dessa eruptiv ligga 
konformt i lagerserien samt ha erhallit samma glimmerskiffermetamorfa 
drakt som omgivande skiffrar. Till denna typ raknar jag aven kvarts- 
albitgraniterna inom Sédra Storfjallet. 

De sura intrusiven inom omradet Laxfjillet-—Gaiutavardo sara 
norr dirom upptrada inom lagkristallin miljé. Eruptiven ha genom 
en 6verskjutning skjutits upp dver sydoéstligare liggande fylltberg- 
gerund samt blivit ratt kataklastiskt paverkade. Inom de basala par- 
tierna av Overskjutningen finnas glimmerskiffrar—glimmergnejser, 
som genomsittas av pseudokonforma granitgangar. Huvudparten ay 
de éverskjutna eruptiven aro emellertid ej] graniter utan av syenitisk 
sammansattning. De hégre regionalmetamorfa skiffrarna i eruptivens 
liggande torde fatt sin metamorfos under sitt ursprungligen betydligt 
ligre utgangslige inom berggrunden. 

Vid Overumans nordéstra del forekommer ett betydande granit- 
massiv av vita—gravita normala graniter, si gott som helt mass- 
formiga. Graniten skir med sina kontakter snett dver den glimmer- 
skiffermetamorfa sidostenen. Granitens massformighet Adagaligger, 
att den ar senare an sidostenens glimmerskiffrighet. I omgivande glim- 
merskiffrar upptrada gangar av vit granit samt pegmatit. Icke ens de 
smalaste av dessa gingar ha rént strukturinflytande av omgivande 
glimmerskiffrar. Diremot synas granitgangarna ha upptagit granater 
fran glimmerskiffrarna. Granaterna simma nu i den massformiga om- 
givningen samt ha antagligen blivit delvis regenererade. 


Det aterstar att nagot beréra forhallandena inom de omrdaden, vilka 


a Oversiktskartan betecknats som granitgenomdrankta glimmerskiffrar 
och glimmergnejser. 
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Pa 1929 ars fjallkarta motsvaras denna berggrund av graniterna av 
Marsfjillstyp, graniterna av Aivesdivetyp samt omslutande injek- 
tionsgnejser och gnejsglimmerskiffrar. I den éstra kristallina zonen 
gransa de granitgenomdrinkta skiffrarna bade i dster och i viaster till 
amfiboliter, vilka, si vitt jag kan déma, en gang ha bildat s. a. s. tak 
till dem. Medan amfiboliterna ej blivit regionalt paverkade av de 
pegmatitiska granitlésningarna — distinkta granitgingar genomsitta 
dock har och var amfiboliterna —, ha de kristallina skiffrarna i stérsta 
utstrickning blivit genomsaftade dirav. Enligt min uppfattning, 
grundad pa taimligen begriinsade undersékningar, ser det ut, som om 
nagra samlade massiv av granit ej funnes inom zonen. I stillet upptrida 
huvudsakligen injektionsgnejsartade bergarter med i dem forekommande 
smalinser av pegmatitisk granit. Granitlésningarna ha i det stora hela 
luckrat upp de kristallina skiffrarnas férband samt tringt konformt 
in och genomvivt desamma. Hir och var ha dock lésningarna banat 
sig vig snett dver glimmerskiffrighetsplanen eller svallt ut till nebulosa- 
artade partier. Under injektionsgnejsutbildningen inférlivas de meta- 
morfa skiffrarnas kvarts-failtspatmaterial i stor utstrickning med det 
tillf6rda materialet. Granaterna och glimrarna foérhalla sig mera 
intakta. 

Granitgenomdrinkningen torde ha skett under tektoniskt delvis 
andra férhallanden in dem som skapat Kkristallisationsskiffrigheten. 
Denna senare torde efter hand kommit till utbildning i samband med 
den regionala nedpressningen av geosynklinalomradets berggrund mot 
hégre temperaturzoner. Skillnaden mellan de kristallina glimmer- 
skiffrarna—gnejsglimmerskiffrarna och den genomsaftande graniten 
ar, att det stelnade granitmaterialet ej erhallit den kristallisations- 
skiffrighet, som i sa hég grad priglat skiffrarna. 

Injektionsmetamorfosen inom den 6stra kristallina zonen liksom 
den successiva 6vergangen mellan kéli- och sevemetamorfa bergarts- 
serier har under de senare aren varit foremal for undersékningar av 
T. Du Ruerz (S. G. U. Ser. C. N:o 416) fran Borkatrakten samt av J. M. 
FaDDEGON, som i en pa hollindska skriven avhandling behandlat berg- 
grunden inom Rivovardo med omgivning: Faddegon gor giillande, 
att injektionsmetamorfosen kan uppdelas i flera olika stadier samt 
att de granitiska losningarna traingt in i en redan metamorf berggrund. 
Du Rrerz gor ej nagon sadan uppdelning. 

Det av FappEGon undersékta omradet ligger nara de centrala delar 
av Vasterbottensfjillen, dir mina tidigare undersdkningar i stor ut- 
striickning aigt rum. Genom Fappxcons arbeten ha flera omstandig- 
heter framkommit, som férdjupat och fortydligat den bild av det geo- 
logiska skeendet, som erhillits i det tidigare undersdkta omradet. De 
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nya data, som FapprGon limnat, sirskilt vad betraffar metamorfose 
karaktiir, Sverensstiimma ratt néra med de rén, som min efter han 
vidgade erfarenhet pa omradet kommit fram till. 
Den regionala metamorfosen, granitgenomdrinkningen av viss 
zoner samt de kaledoniska graniternas framtrigande héra alla 
tidigare stadier i fjillkedjans metamorfa utveckling fn insittandet a 
de stora skalléverskjutningarna. Den metamorfa draikt, som berg- 
grunden hade i de av éverskjutningarna triffade zonerna vid deras in: 
siittande, torde i sina huvuddrag bibehallits under och efter éverskjut 
ningarna. I de utsatta glidzonerna ha dock mineralombildning ool 
kataklas agt rum 1 stor omfattning, sirskilt inom skallornas basala 

delar. 
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Part 1. The primary iron-manganese phosphate minerals. 


Introduction. 


The iron-manganese phosphates form a group of minerals, not of 
common occurrence, but of wide distribution throughout the world. 
They are minerals of the complex granite pegmatites, and their occur- 
rence is limited by the distribution of these pegmatites. The lithium 
pegmatites commonly contain iron-manganese phosphates, and, as 
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might be expected from this, the most common of these phosphate 
are the lithium-bearing minerals triphylite and lithiophilite. Besides 
the simple phosphates, there are others which contain fluorine, such 
as triplite, hydroxyl, such as triploidite, or aluminium, such as 
eosphorite, but these will not be dealt with in this paper. The 
relatively few primary phosphates have, by the processes of oxidation 
and hydration, acting singly or together, given rise to a number of 
secondary phosphates, which will be discussed in the second part of 
this paper. 

The primary iron-manganese phosphate minerals described in this 
paper may be considered as phases in the three-component system 
Li,O - 2(Mn, Fe)O- P.O; — Na,O-2(Mn, Fe)O-P,0; — 3(Ca, Mn, Fe)O- 
-P,0;. The three components occur as the minerals triphylite, 
Li,O -2(Fe,Mn)O-P,O,, lithiophilite, Li,O-2(Mn,Fe)O-P,0O;, natro- 
philite, Na,O-2(Mn,Fe)O-P,0,, and graftonite, 3(Ca, Mn, Fe)O- P,O;. 
The chemical composition of these minerals, however, rarely corre- 
sponds exactly to the theoretical formula, small quantities of the 
other components being generally present, probably in a state of 
solid solution. Small but significant quantities of potassium and 
magnesium shown by some analyses suggest that these elements 
also may enter the crystal lattices of the above-mentioned minerals, 

Thirtyone analyses of minerals belonging to this group are plotted 
in Fig. 1. This triangular diagram shows the variation in composition 
of the primary iron-manganese phosphate minerals as revealed by 
analyses. Hach analysis has been split up into the three components 
Li,O -2(Mn, Fe)O- P,O;, Na,O-2(Mn,Fe)O-P,0;, and 3(Ca, Mn, Fe)O= 
P,0;. The small content of K,O and MgO shown in some analyses 
has been grouped with Na,O and CaO respectively in the calculation 
of the relative amounts of the three components. The method of cal- 
culation was as follows: from the molecular proportions given by an 
analysis the lithium and sodium components were first deducted; 
excess FeO + MnO was then added to CaO (+ MgO, if any) and this 
total, plus one-third for the content of P,O;, gave the amount of the 
calctum component. From the molecular amounts of the components 
the percentage of each was calculated. Fe,O;, if present, was not con- 
sidered; it is only significant in the analyses of altered varulite and 
arrojadite, and it probably has little bearing on the ratio of the three 
primary components. 


The greater number of the analyses creat in Fig. 1 are those of 
the isomorphous minerals triphylite and lithiophilite, both with the 
general formula Li,O -2(Mn, Fe)O- P,O,, triphylite being the iron- 
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rich form and lithiophilite the manganese-rich form. Analyses of 
these minerals also show the greatest variation, up to 30 % of the 
3(Ca,Mn,Fe)O-P,0; and 20 % of the Na,O - 2(Mn, Fe)O+ P.O; com- 
ponent being present. The Na,O-2(Mn,Fe)O-P,0; component is 
represented in a nearly pure state by the mineral natrophilite, known 
only from Branchville, Connecticut. Seven analyses corresponding to 
the formula 3(Ca,Mn,Fe)O-P,0; have been published, but three 
different names — graftonite, mangualdite, and repossite — have been 
ascribed to this group. A feature of the diagram is the occurrence 
of a group of analyses more or less midway between the 3(Ca,Mn, 
Fe)O-P,0; and the Na,O-2(Mn,Fe)O-P,0; corners. These analyses 
are of minerals that have been named arrojadite and varulite. This 
investigation was begun in order to settle the relationship of these 
minerals to other members of this group of minerals. After some pre- 
liminary work it was decided to extend the scope of the research to 
cover all the minerals represented on the triangular diagram. These 
minerals will be discussed under four headings: the graftonite-mangual- 
dite group, natrophilite, the triphylite-lithiophilite group, and the 
arrojadite-varulite group. 


The graftonite-mangualdite group. 


It should first be pointed out that the general formula of this group 
— 3(Ca,Mn,Fe)O-P,O; — is not analogous with the formulas of the 
lithium and sodium iron-manganese phosphate minerals, in which 
there is a definite ratio between the (Mn,Fe)O and the other basic 
oxide. The corresponding calcium mineral should have the formula 
CaO -2(Mn,Fe)O-P,0;, with a theoretical composition as given in 
Table 1. Lithiophilite, triphylite, and natrophilite are orthorhombic 
and similar in structure; graftonite differs in being monoclinic. Man- 
gualdite, however, which has a composition rather near CaO - 2(Mn, 
Fe)O-P,0,;, is orthorhombic, like lithiophilite, triphylite, and natro- 
philite. For the sake of completeness both graftonite and mangual- 
dite are discussed here. 

In 1900 PenrieLp (1) described a calcium manganese iron phos- 
phate mineral from a pegmatite near Grafton, New Hampshire. He 
called it graftonite and gave it the general formula R,P,0,. In his 
own words (p. 23) »The formula of graftonite is, therefore, IR. POR 
R standing for the bivalent metals, iron, manganese, and calcium, 
which evidently are isomorphous with one another and not present in 
fixed or definite proportions». Since that time graftonite has been 
identified from North Groton, New Hampshire (2), Greenwood, Maine 
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Figure 1. Plot of analyses of the primary iron-manganese phosphate minerals. 


Triphylite, Norwich, Massachusetts. Am. Jour. Sci., 17, p. 227, 1879. 

» Center Strafford, New Hampshire. Am. Mineral., 23, p. 815, 1938. 

» Varutrisk, Sweden. Geol. Féren. Férh., 59, p. 81, 1937. 
Lithiophilite, Norway, Maine. Am. Jour. Sci., 26, p. 176, 1883. 

» Portland, Connecticut. Am. Mineral., 11, p. 102, 1926. 
Triphylite, Grafton, New Hampshire. Proc. U. 8S. Nat. Mus., 49, p. 467, 1915. 
Triphylite, Bodenmais, Bavaria. Am. Jour. Sci., 17, p. 227, 1879. 

» Varutrisk, Sweden. Geol. Foéren. Férh., 59, p. 81, 1937. 
Lithiophilite, Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, p. 140, 1933. 
Lithiophilite, Yandeyarra, Western Australia. Jour. Roy. Soc. Western Australia, 

12, p. 58, 1926. 
11. Triphylite, La Vilate, France. Min. de la France, 4,, p. 362, 1910. 
12s » Bodenmais, Bavaria. Pogg. Annalen, 107, p. 438, 1859. 
13. Lithiophilite, Varutrisk, Sweden. Geol. Foren. Férh., 62, p. 295, 1940. 
14, Triphylite, Varutrask, Sweden. Geol. Féren. Forh., 59, p. 81, 1937. 
15. » Sukula, Finland. Bull. Comm. Géol. Finlande, No. 35, p. 99, 1913. 
16. Triphylite, Bodenmais, Bavaria. Zeits. gesamt. Naturwiss., 9, p. 152, 1857. 
17. Triphylite, Bodenmais, Bavaria. Rammelsberg, Handbuch Mineralchemie, p. 3 07, 
1875. 
18. Lithiophilite, Wodgina, Western Australia. Geol. Féren. Férh., 62, p. 295, 1940. 
19. Graftonite, Grafton, New Hampshire. Am. Jour. Sci., 9, p. 23, 1900. ‘ 
20. -Mangualdite, Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, p. 142, 1933. 
21. Graftonite, Greenwood, Maine. Am. Mineral., 22, p. 1038, 1937. 
DO » Grafton, New Hampshire. Am. Jour. Sci., 9, p. 23, 1900. 
23. » Cyrillhof, Moravia. Verh. K. K. Geol. Reichsanstalt, p. 337, 1900. 
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Table 1. 
ae Be 3. 4, 5. 6. ue 8. 
iO, . . . 39.65 38.94 40.03 40.80 40.81 41.20 42.61 41.79 
e,0, .. 9.51 — 0.00 10.16 = — = = 
FeO. . . 26.09 32.33 27.78 24.28 32.58 30.65 2.97 4 
ming . . 18.18 23.32 25.48 15.38 15.65 17.62 31.47 41.71 
ead... 3.86 4.50 4.71 7.25 7.95 9.23 17.75 16.50 
MgO ee O07 —_— 0.00 _ 0.5: 0.40 1.48 =— 
a — 0.37 = = 0.33 = — 
Na,O = alien) -- 0.16 1.15 — — 0.74 — 
ao ce 0.8 — 0.05 0.14 — = 0.11 — 
A 110° en 0.39 - 0.31 

H,O<110° 0.15 0.60 1.17 trace 0.75 0.22 a= 

ire, 61s — _ 0.00 —_ — — 1.05 — 
mie... O14 —_— -—— — —- — 0.26 _— 
Msol. . . — — 0.18 — — — 2.04 = 

99.89 99.63 99.82 100.33 100.12 100.18 101.01 100.00 
(Al,0,=0.46) (CaCO,=0.46) (Al,0,=2.60) 

1. Graftonite, Cyrillhof, Moravia. Verh. K. K. Geol. Reichsanstalt, p. 337, 1900. 
2. » (Repossite), Olgiasca, Italy. Periodico Mineralogia Roma, 6, p. 21, 1935. 
o. » Greenwood, Maine. Am. Mineral., 22, p. 1038, 1937. 
4. » Grafton, New Hampshire. Am. Jour. Sci., 9, p. 23, 1900. 
6. » Brissago, Switzerland. Schweizerische Min. Pet. Mitt., 19, p. 303, 1939. 
6 » Grafton, New Hampshire. Am. Jour. Sci., 9, p. 23, 1900. 


7. Mangualdite, Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, p. 142, 1933. 
8. Theoretical composition of CaO.2Mn0O.P,0;. 


(3), Center Strafford, New Hampshire (4), and Brissago, in the Swiss 
Alps (59). 

Besides these occurrences three minerals of the same general for- 
mula have been analysed and described: an unnamed mineral from Cy- 
rillhof in Moravia (5); a mineral, from Olgiasca in Italy (6), to which 
the name repossite was given (StruNz (7) has recently shown that 
repossite is identical with graftonite); and a mineral from Mangualde 
in Portugal, which has been called mangualdite (8). The genesis of 
these minerals is similar in that they have all been found in granite 
pegmatites, associated with typical pegmatitic minerals. Table 1 
gives the available analyses of minerals of this group. 

The five recorded occurrences of graftonite — from Grafton, North 
Groton, Greenwood, Center Strafford, and Brissago — need not be 
further discussed here. The similarity of analytical and ‘optical data 


24. Arrojadite, Serra Branca, Brazil. Publicacao da Inspectoria de Obras Contra as 
Seccas, Rio de Janeiro, No. 58, 1925. ; 

25. Arrojadite, Nickel Plate Mine, South Dakota. Am. Jour. Sci., 41, p. 417, 1891. 

26. Varulite, Varutrisk, Sweden. Geol. Féren. Foérh., 59, p. 94, 1937. 


27. » Varutriisk, Sweden. Thelma Berggren analyst, 1941. 

28. » Skrumpetorp, Sweden. Geol. Féren. Férh., 62, p. 378, 1940. 
29. » Varutrisk, Sweden. Geol. Féren. Forh., 62, p. 298, 1940. 
30. » Varutrisk, Sweden. Geol. Foren. Foérh., 62, p. 298, 1940. 


31. Natrophilite, Branchville, Connecticut. Am. Jour. Sci., 39, p. 206, 1890. 
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shows that their identity is not in dount. It remains to discuss th 
three European occurrences of similar composition to graftonite, b 
which were not identified with that mineral. ; 


} 

1. Unnamed phosphate from Moravia. In 1900 
Joun (5) described an iron-manganese phosphate from a pegmatite at 
Cyrillhof, near Gross Meseritch in Moravia. This mineral was described 
as being of a dark reddish brown color, and forming amorphous mas- 
ses, which had a glassy fracture, with a resinous lustre on the fracture 
surfaces. In external characters this phosphate was extremely similar 
to a previously described triplite from the same region, but analysis 
showed it to contain no fluorine. 

JouN refrained from giving the mineral a name, as from the analysis 
he considered it to be a mixture of two compounds, one with the for- 
mula 3RO-P,0,; and the other with the formula 3R,0,-2P.0;, in 
the proportion of 9:1. He does not discuss the matter further and 
evidently overlooked the fact that even if his analysed sample was a 
mixture, the compound 3RO-P,0; was not previously known as a 
mineral. 

It can be seen from Fig. 1 that when his analysis is recalculated 
with respect to the different components, the mineral from Cyrillhof 
falls within the 3(Ca,Mn,Fe)O-P,0; group. The Cyrillhof mineral 
resembles especially the graftonite from Grafton analysed by Forp, 
the main difference being the lower calcium content in the Cyrillhof 
mineral. Both the graftonite analysed by Forp and the Cyrillhof 
phosphate show about 10 % of Fe,O;, indicating that the minerals 
have been somewhat oxidized. The alteration of the iron-manganese 
phosphates generally proceeds by the oxidation of the iron, and JoHN 
records two other analyses of phosphates from Cyrillhof in which all 
the iron is oxidized to the trivalent state and all the manganese re- 
mains in the bivalent state (Table 9, p. 163). 

No optical data are recorded for the mineral from Cyrillhof, so no 
comparison with graftonite is possible along those lines. The close 
resemblance chemically of this mineral to identified graftonite is con- 
sidered to be good evidence for classing it with graftonite. The un- 
altered mineral would probably have a composition smillar to the 
graftonite from Greenwood, as alteration of graftonite appears to 
proceed by the oxidation of the iron and the removal of calcium. Cy- 
rillhof is therefore recorded as a new locality for graftonite. 


2. Repossite. Repossite was described by Grit in 1935 (6). 
It was found in a pegmatite at Olgiasca, near Lake Como in Italy, 
where it was associated with the usual pegmatite minerals, quartz, 
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felspar, muscovite, and biotite. Gri noted that graftonite and re- 
possite were similar, but he differentiated between them on account 
of certain differences from the physical and genetic standpoint. 

GRILL’s contention regarding the non-identity of repossite and 
graftonite has not been generally accepted. Both Rampour (9) and 
Enexisx (10) classify graftonite and repossite together as one and the 
same mineral. 


SrruNz (7) has proved the identity of repossite and graftonite by 
X-ray investigation. He took powder photographs of Griuu’s original 
repossite and of the graftonite from North Groton (written in SrruNz’s 
paper »North Grafton»). These powder photographs were identical. 
Graftonite and repossite are thus the same mineral, and since the name 
graftonite has priority, the name repossite must be discarded. 


3. Mangualdite. Mangualdite was described by Mario DE 
Jesus (8) from the pegmatites near Mangualde in Portugal. These 
pegmatites also contain lithiophilite and triplite, and secondary iron- 
manganese phosphates derived from them. The analysis in Table 1 
shows that mangualdite is essentially a calcium manganese iron phos- 
phate with the same general formula as graftonite. Mario DE JESUS, 
however, appears to have been unaware of the existence of graftonite, 
for he considered he was dealing with a new mineral and named it 
mangualdite, without discussing in any way its relationship to graf- 
tonite. 

Chemically mangualdite appears to stand very close to graftonite. 
It contains, however, nearly twice as much calcium as any previously 
analysed graftonite. If calcium replaces manganese and iron isomor- 
phously, then the difference in calcium content between mangualdite 
and graftonite is no ground for differentiating between them. Calcium, 
however, although bivalent, has a much larger ion than either man- 
ganese or iron, and for that reason it can probably only partly replace 
manganese and iron. Thus the formula 3RO-P,0; where R = Ca, 
Mn, and Fe, may cover more than one phase, according to the amount 
of calcium present. All analysed graftonites contain less than 10 % 
CaO and probably have the same structure; mangualdite, however, 
contains more than 17 °% CaO, and may differ in structure. 

The physical properties of mangualdite, as far as they are known, 
support the idea that it differs from graftonite. Mario DE JESUS con- 
sidered mangualdite to be orthorhombic; graftonite is monoclinic. 
The specific gravity of mangualdite is 3.33, whereas that of graft- 
onite is 3.67—3.80. The description of mangualdite lacks details re- 
garding the optical properties, so it is not possible to make any com- 
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parisons along those lines. The colour of mangualdite is olive green, 
the colour of graftonite is salmon to brown. H 

A suggestive feature is the close approach of mangualdite to the 
theoretical composition required by the formula CaO - 2(Mn, Fe)O - P,O,, 
which would be the calcium analogue of natrophilite, Na,O -2(Mn, Fe) 
O-P,0,;. Natrophilite and mangualdite are both orthorhombic, and 
it may be that mangualdite represents a natrophilite in which all the 
sodium has been replaced by calcium. This would be a reason for 
mangualdite being orthorhombic, whereas graftonite is monoclinic. 
The calcium ion and the sodium ion are very similar in size, and can 
replace each other isomorphously. 

To test these possibilities I have attempted to procure a specimen 
of mangualdite in order to make X-ray investigations on its structure, 
and thus compare it with natrophilite and graftonite. Unfortunately 
these attempts have been unsuccessful. I must therefore content my- 
self with pointing out the features of similarity and difference between 
mangualdite and graftonite, without giving any decision as to whether 
they are or are not identical. Until more is known about mangualdite 
the name should remain as a mineral chemically similar to graftonite, 
but containing a considerably greater percentage of calcium, perhaps 
approximating to the formula CaO -2(Mn,Fe)O- P,O;. 


Natrophilite. 


Natrophilite was described by BrusH and Dana in 1890 (11), and 
their description remains to this day the only source of information 
concerning this mineral. It is extremely rare, having been found only 
at the type locality, the pegmatite at Branchville in Connecticut. It 
occurs together with a large number of iron-manganese phosphate 
minerals — lithiophilite, triploidite, dickinsonite, fairfieldite, hureau- 
lite, and others. 

The only published analysis of natrophilite shows a predominance 
of manganese over iron (38.19 9% MnO, 3.06 % FeO). In the predom- 
inance of manganese over iron this natrophilite is analogous to lith- 
iophilite. Investigations in the future may reveal an occurrence of 
natrophilite in which iron predominates over manganese, analogous 
to triphylite. 

In crystalline form and optical properties natrophilite is analogous 
to lithiophilite and triphylite. Through the courtesy of Dr. Harry 
Berman of Harvard University I have obtained a small piece of the 
original natrophilite of Brusa and Dana, in order to make some X-ray 
investigations upon it. A preliminary investigation has shown that 
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the structure of natrophilite is similar to, but not identical with, lith- 
iophilite and triphylite. The difference in structure is evidently due 
to the much larger size of the sodium ion compared to that of the 
lithium ion. 

The rarity of natrophilite compared to lithiophilite and triphylite 
is its most marked feature. Lithiophilite and triphylite are rela- 
tively common minerals of the complex granite pegmatites. Natro- 
philite has been recorded once only. In outward appearance natro- 
philite is similar to some varieties of lithiophilite, but a flame test is 
sufficient to distinguish it. 


The triphylite-lithiophilite group. 


The triphylite-lithiophilite group has been classified under two 
names according to the ratio between manganese and iron. If the 
percentage of MnO in an analysis is less than the percentage of FeO 
the mineral is classed as a triphylite; if the percentage of MnO is greater 
than the percentage of FeO the mineral is classed as a lithiophilite. 
This is a purely artificial convention in that the structure does not 
vary with varying iron and manganese content; the manganese and 
iron can replace each other atom for atom in the structure. All varia- 
tions between the two theoretical end-members Li,O-2FeO-P,O; and 
Li,0-2MnO-P,0; are known. However, the distinction between 
lithiophilite can be made not only by analysis, but also by the optical 
properties, which vary continuously between one end of the series 
and the other. The distinction between lithiophilite and triphylite 
becomes less clear and. a little meaningless when dealing with such 
specimens as the lithiophilite from Mangualde in Portugal, which con- 
tains 21.82 % FeO and 22.36 °%% MnO, and the triphylite from Mani- 
toba, which contains 21.70 % FeO and 21.13 % MnO. Most speci- 
mens, however, fall distinctly into one class or the other. 

Triphylite and lithiophilite are much more common than any other 
of the primary iron-manganese phosphate minerals that are discussed 
here, as can be seen from the greater number of analyses of the triphy- 
lite-lithiophilite group that are available. A complete list of analyses 
of triphylite and lithiophilite since 1875 is given in Table 2. The ear- 
lier analyses of triphylite, which are often incomplete and unreliable, 
have been omitted. 

The analyses of triphylite and lithiophilite often show considerable 
amounts of sodium and calcium, as can be seen from Fig. 1. The ex- 
tremes so far met with are over 30 percent of the 3(Ca,Mn,Fe)O- P05 
component, and over 20 percent of the Na,O - 2(Mn, Fe)O- P.O; com- 
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FeO; 
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MnO 
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MgO. 
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Na,O 


K,0 . 
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Table 2. 

1 rs 3. 4. 5. 6. y 

41.08 43.36 43.18 42.51 42.3 44.43 43.0 
2.76 — — 3.64 — —_ 

31.09 37.31 36.21 30.03 33.4 35.06 31.90 . 
8.49 8.58 8.96 9.72 9.9 11.40 14.40 
6.13 0.60 0.10 0.51 0.2 —- 

— 0.66 0.83 1.49 1.3 as 1.03 
6.95 8.44 8.15 8.77 9.2 8.59 7.91 
241. 0.20 0.26 1.76 — a 0.40 — 

trace — — 0.53 — ao —_— 

0.42 0.52 0.87 0.96 rey — 0.40 
9.50 0.21 0.83 — = 0.60 — 


100.13 99.88 99.39 99.92 98.0 100.98 99.04 
(tr 


le pane nes Sukula, Finland. Bull. Comm. Géol. Finlande, No. 35, p. 99, 1913. 


SE eta 3 ape 


P.O; . 


Fe,O; 


FeO . 


MnO 


CaO . 
MgO. . 
iOl. 


Na,O 


RaOs, <<. 
H,O 105° 
H,O< 105° 


Tnsol. 


Bodenmais, Bavaria. Tschermaks Min. Pet. Mitt., 47, p. 98, 1935. 

Bodenmais, Bavaria. (Mean of 2 analyses.) Am. Jour. Sci., 17, p. 227, 
1879. ; 

Zwiesel, Bavaria. Doelter, Handbuch der Mineralchemie, 3,, p. 302, 1918. 

Grafton, New Hampshire. Am. Jour. Sci., 9,.p. 23, 1900. 

Hagendorf, Bavaria. Zeits. Krvyst., 55, p. 561, 1920. 

La Vilate, France. Min. de la France, 4,, p. 362, 1910. 


Table 2 (continued). 


= 9. 10. 18. 12: 13. 14, 
44.87 43.85 44.76 42.23 44.03 44.10 44.47 
— — —- 0.33 0.00 6.30 
29.13 27.66 26.40 22.85 26.23 24.33 18.21 
15.96 16.63 17.84 18.15 18.21 18.95 20.16 
0.31 trace 0.24 1.84 0.94 1.82 1.36 
0.42 2.30 0.47 0.11 0.59 trace 0.00 
8.86 8.49 9.36 7.92 8.79 8.52 6.06 
0.15 0.35 0.35 0.58 0.12 0.16 2.29 
0.07 0.06 a 0.00 0.32 0.00 0.00 

0.36 : : 
0.48 0.41 0.42 ti 1.47 oe ol 
0.21 0.27 — 5.80 — 1.24 0.20 


100.46 100.02 99.84 100.30 100.70 99312 99.73 


8. Triphylite, Center Strafford, New Hampshire. Am. Mineral., 23, p. 815, 1938. 


We 
10. 


— 
i 


a 
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Grafton, New Hampshire. Proc. U. 8S. Nat. Mus., 49, p. 467, 1915. 

Norwich Massachusetts. (Mean of 2 analyses.) Am. Jour. Sci., 17, p. 227% 

Varutrisk, Sweden. Geol. Foren. Férh., 59, p. 81, 1937. 

Grafton, New Hampshire. (Mean of 2 analyses.) Am. Jour. Sci., 13, p. 
426, 1877. 

Varutrask, Sweden. Geol. Féren. Férh., 59, p. 81, 1937. 

Varutrisk, Sweden. Geol. Foren, Férh., 59, p. 81, 1937. 
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Table 2 (continued). 


15. 16. 1 Hy 18. 19. 20. 21. 
Opn. «2 «. . 46.41 44.14 44.93 43.43 45.99 46.35 45.22 
‘CAG: a ee eae a — oes 0.00 — = as 
MGOW Are wen. cs BETO 21.82 16.36 7.45 10.44 10.96 13.01 
SnOURA Be. ty . 20,08 22.36 28.58 30.53 30.80 31.90 32.02 
BRO ts ss 2 | O65 1.80 0.05 9.70 2.78 — -— 
BPO ete os 0.98 0.36 — 0.00 0.94 — — 
Pee a a ts ws | ASE 8.04 8.59 5.51 Ton 9.55 9.26 
BEBO ee as wes || (OLD 1.33 0.21 1.48 034 0.30 0.29 
BeOhto is > is oe” O44 _ -- 0.17 0.00 — = 
0) > et 3 1.74 
H,O < 108° f ° mae oi 0.54 ae 1.1 0.40 0.17 
Mere s,s: 0.80 0.26— 0.13 _ 0.16. — 0.16 0.29 
100.23 = 100.11 99.39 100.41 100.27 99.62 100.26 
(Cl = 0.07) 
(BY = 0:10) 
15. Triphylite, Pointe du Bois, Manitoba. Univ. Toronto Studies, Geol. Ser., No. 30, 
p. 9, 1931. 
16. Lithiophilite, Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, p. 140, 1933. 
ie » Branchville, Connecticut. Am. Jour. Sci., 26, p. 176, 1883. 
18. » Wodgina, Western Australia. Geol. Féren. Férh. 62, p. 295, 1940. 
19. » Yandeyarra, Western Australia. Jour. Roy. Soc. Western Australia, 
12, p. 58, 1926. 
20. » Poland, Maine. Am. Mineral., 15, p. 377, 1930. 
21. » Branchville, Connecticut. Am. Jour. Sci., 17, p. 228, 1879. 
Table 2 (continued). 
22. 23. 24. 25. 26. 27. 
CMS ish en os ee 40.05 45.1 44.40 44.90 4.4.67 44.95 
Doe eae _- —_— — = — == 
COL sete! Se me BEES Wal’ 8.60 5.16 4.02 2.94 
DUCK dc cs ee oe ow OBS 33.4 35.98 40.13 40.86 42.58 
ReChr er ts te edie ecw. oi brace 383} 0.78 0.08 — trace 
SGN Eas eee — = == = = ae 
ee OMe eee cc tinny sae OOS 7 ( 8.50 8.61 8.63 9.11 
Noe Se ae oe a ne eee 0.24 2.7 0.14 0.49 0.14 0.24 
“eee — 0.6 — — amd — 
H,0 > 105° | 0.41 0.82 0.65 
FLO 105° 0.30 0.3 1.19 : 5 
BR an aa ae 0.17 - 0.12 0.16 0.64 0.16 


100.21 100.00 99.71 99.94 99.78 100.63 


22. Lithiophilite, Branchville, Connecticut. Am. Mineral., 10, p. 383, 1925. 


23. » Varutrisk, Sweden. Geol. Féren. Férh., 62, p. 295, 1940. 

24. » Norway, Maine. Am. Jour. Sci., 26, p. 176, 1883. 

WSS » Portland, Connecticut. Am. Mineral., 11, p. 102, 1926. 

26. » Branchville, Connecticut. Am. Jour. Sci., 16, p. 119, 1878. 


oT. » Buckfield, Maine. Am. Mineral., 10, p. 383, 1925 
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ponent. The question arises as to what part this content of calcium 
and sodium plays in the structure of triphylite and lithiophilite. 


X-ray powder photographs were taken of the analysed lithiophilite — 


from Varutrisk (Fig. 1, 13), containing 15.6 % of the Na,O-2(Mn, 


H 


ng? 


J 


Fe)O-P,0; component, and of the analysed triphylite from Varu-— 


trisk (Fig. 1, 14), containing 13.8 % of the Na,O-2(Mn,Fe)O- P.O, 
component. Powder photographs were also taken of the natrophilite 
from Branchville, which is almost pure Na,O-2(Mn,Fe)O- P,O;. Com- 
parison showed that the powder photographs of the lithiophilite and 
the triphylite from Varutriisk showed no lines corresponding to lines 
in the powder photograph of natrophilite. It is thus unlikely that 
the high content of the Na,O-2(Mn,Fe)O-P,0; component in the 
lithiophilite and triphylite is due to microscopic or submicroscopi¢ 
intermixture with natrophilite. More probably the Na,O-2(Mn,Fe) 
O-P,0; component is soluble in lithiophilite and triphylite, at least 
to a limited extent. X-ray studies indicate that the structure of na- 
trophilite is similar to that of lithiophilite and triphylite, but that the 
lattice dimensions of the natrophilite are rather different, due to the 
difference in size between the sodium and the lithium ions. Fig. 1 
shows that no mineral has yet been analysed showing lithiophilite 
or triphylite containing more than 22 % Na,O-2(Mn,Fe)O- P,O,; the 
one analysis of natrophilite shows a content of less than 3 % Li,O-2 
(Mn, Fe)O-P,0;. Although this is probably partly due to lack of ana- 
lytical data, it certainly suggests the possibility that the two compo- 
nents are not completely miscible in the solid state. In spite of the 
similarity between lithium and sodium as neighbouring members of 
the alkali group, the great difference in their ionic radii (Li = 0.784 
Na = 0.98A) make it improbable that there exists a complete series 
of solid solutions between the lithium and the sodium iron-manganese 
phosphates. 

When the calcium containing lithiophilites and triphylites are con- 
sidered, the Wodgina lithiophilite stands out at once, on account of 
its high absolute and relative content of the 3(Ca,Mn,Fe)O.P,0,; com- 
ponent. It contains more than 30 % of this component, more than 
twice that of any other analysed lithiophilite or triphylite. Although 
under the microscope the lithiophilite from Wodgina appears homo- 
geneous, X-ray powder photographs show, besides the reflections 
corresponding to lithiophilite, some weak reflections of another phase. 
At first it was thought that this phase might be graftonite, but a com- 


parison of the lines of the powder photograph of graftonite with the : 


foreign lines in the powder photograph of the Wodgina lithiophilite 
showed that this was not so. The composition of the calcium bearing 
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excess in the Wodgina lithiophilite, recalculated to 100, gives CaO 
31.0 %, MnO 25.6 %, P.O; 43.4 %, which does not correspond with 
any known mineral. The elements present are the same as in grafto- 
nite and mangualdite, but the nearest graftonite has only 9.23 °%/ CaO, 
and mangualdite has only 17.75 % CaO. Even if the admixed phase 
in the Wodgina lithiophilite has the same formula as graftonite and 
mangualdite — 3(Ca,Mn,Fe)O-P,0, — the difference in the calcium 
content may be sufficient to cause the admixed phase to have a dif- 
ferent structure. Nothing is known of the structure of mangualdite, 
so it has not been possible to compare it with the admixed phase. 


The arrojadite-varulite group. 


Varulite was described by QuENSEL in 1937 (12) as a new manga- 
nese phosphate from the Varutriisk pegmatite in northern Sweden. 
Since that time it has been found at one other locality — also in a 
Swedish pegmatite — at Skrumpetorp in Godegird parish in the prov- 
ince of Ostergétland (13). Two other earlier described minerals show- 
ing close relationship with varulite are arrojadite, a Brazilian mineral 
described by GurmaRazEs in 1925 (14), and a mineral, provisionally 
named headdenite by QuENSEL, described from South Dakota by 
HEADDEN in 1891 (15). The available analyses of these minerals are 
reproduced in Table 3. 

HEADDEN and GurimaRAES gave the formula 4R,;P0O,:9R;P,0, to 
their minerals. QuUENSEL, in his original description of varulite, 
showed that HeaDpDEN’s phosphate and varulite corresponded with the 
formula Na,O-5RO-2P,0,; (i. e. 4R;PO,-10R;P,0;). New analyses 
of the Varutrask varulite, published in 1940 (16), did not agree with 
this formula; nor did the analysis of the varulite from Skrumpetorp. 
In the papers on the new analyses of the varulite from Varutrisk, 
and on the varulite from Skrumpetorp, no attempt was made to give 
the mineral a formula. The assignment of a suitable formula was 
postponed until this paper. 

In previous calculations the apparently logical course was taken of 
reckoning the basic oxides in two groups, R,O and RO. Thus oxides 
of the alkali metals fell in one group, and CaO, FeO, and MnO in the 
other group. The ratio R,O: RO: P.O, was then calculated. This 
procedure fails to give consistent formulas with these minerals. It 
works very well, however, in the case of lithiophilite, triphylite, and 
natrophilite, in which the important components are an oxide of the 
alkali metals, FeO and MnO, and P,O,. In these minerals the ratio 
R,O: RO: P.O, is 1:2:1. The essential feature which distinguishes 


: 
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Table 3. 

1 2 S, 4, 5. 6. Fa 

Is CO eerie cr ray th) Sew Memes ie US 44.93 42.80 44.14 44.60 38.64 34.32 
LEON ae emmy elt", 5.32 8.35 7.66 6.44 —_ 12.39 
TACK O OF a yar ie a 9.73 11.03 7.62 9.50 12.01 25.05 19.84 
VET eo se: i ue Oe 25.31 25.30 24.76 21.06 15.54 12.33 
COO cere heuer 2.51 2.30 4.86 2.75 3.60 5.53 5.69 
MEO Mii a eee os) aL ELANCE 0.13 0.00 0.16 0.09 1.50 1.85 
INSTEAD. Wet ori eee 8.10 8.08 T12 9.02 9.72 7.46 4.67 
SOS cua iw Be kee. ON ACE 0.12 0.12 0.07 trace 2.00 1.45 
eT Oe eee 0.46 1.65 0.88 0.53 _- 0.28 trace 
HO mS 106") 3 s  aUSke 0.64 0.75 0.60 1.52 0.73 4.96 
Oe lO ey ms 07 0.18 0.14 0.15 0.14 : 0.44 
Nt, gan eS 0.00 0.00 0.06 0.00 0.08 0.69 —_ 
npOl stairs ose UE 0.28 1.80 0.24 0.44 2.47 0.66 
100.33 99.97 100.06 99.58 99.70 99.89 100.12 

(Cl = tr.) (Al,O, = 0.36) (Cl = tr.) (SnO, = 1.52) 

Molecular Ratios. 
Le be a 4, i. 6. Ts 

IPO pe weteiermteers ns 9 1009 1.097 1.064 1.076 1.153 0.958 0.798 
(Fe, MnjO ... . . 2.000 2.000 2.000 2.000 2.000 2.000 2.000 
(Nas CaO. = 0:816 0.916 1.006 0.918 0.968 1.010 1.042 


(In the above ratios Fe,O,is recalculated as bivalent; (Na,,Ca)O includes K,O, Li,O, and 
MgO.) 


1. Varulite, Varutraisk, Sweden. Thelma Berggren analyst, 1941. 

2 » Varutrask, Sweden. Geol. Foren. Férh., 62, p. 298, 1940. 

Se » Varutrisk, Sweden. Geol. Féren. Férh., 59, p. 94, 1937. 

-; » Varutrask, Sweden. Geol. Féren. Foérh., 62, p. 298, 1940. 

5. » Skrumpetorp, Sweden. Geol. Féren. Foérh., 62, p. 378, 1940. 

6. Arrojadite (Headdenite), Nickel Plate Mine, Pennington Co., South Dakota. Am. 
Jour. Sci., 41, p. 417, 1891. 


7. Arrojadite, Serra Branca, Picuhy, Parahybla, Brazil. Publicacao da Inspectoria de 
Obras Contra as Seccas, Rio de Janeiro, No. 58, 1925. 


varulite and arrojadite from natrophilite is the presence of calcium. 
The question thus arises as to what part this calcium plays in the struct- 
ure of varulite and arrojadite. 

Previous authors, when calculating a formula, have assumed that 
calcium replaces iron and manganese. From considerations of valency 
this certainly appears a logical and plausible supposition. Modern 
theories of crystal chemistry suggest, however, that calcium may re- 
place sodium, in which case the content of calcium should be grouped 
together with that of sodium in the derivation of a suitable formula. 
The principal basic elements in varulite and arrojadite are calcium, 
sodium, manganese, and iron. The ionic radii of these elements are: 
Ca 1. 064, Na 0.98A, Mn 0.91A, Fe 0.834 (Goztpscumrpr, 17); or 
Ca 0. 994, Na 0. 95 A, Mn 0. soA, Fe 0.75A (Pauuine, 18). These 
figures show that in varulite and arrojadite calcium is the largest 
basic ion present, and that in size it is more comparable with sodium 
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than with manganese and iron. Considerations of ion size suggest 
therefore that calcium is more allied to sodium than to manganese 
and iron, and that in calculationg a formula for varulite and arroja- 
dite the iron and manganese should be grouped together, and the 
calcium grouped with the sodium. 

An added complication in calculating a formula for varulite and 
arrojadite lies in the partial oxidation which all analysed samples of 
these minerals (except the phosphate from South Dakota) show. In 
varulite the unaltered mineral has been found in thin sections. How- 
ever, the content of trivalent iron can be allowed for. Here it is nec- 
essary to anticipate some of the results which will be given in the 
second part of this paper. It will be shown that the oxidation of va- 
rulite takes place in the following way: the P.O; content remains con- 
stant, the iron and manganese oxidises to the trivalent state, and in 
order to conform to considerations of valency, one molecule of alkali 
oxide is removed for every molecule of trivalent oxide formed. Thus 
in a calculation of the original composition of a partly oxidised mine- 
ral such as represented by analysis 2 in Table 3, the molecular propor- 
tion of Fe,O,; (in this example 0.0333) should be doubled and added 
to the molecular proportion of (Fe,Mn)O, and an equivalent amount, 
i. e. 0.0333, should be added to the molecular proportion of the alkali 
oxide. 

With these two considerations in mind we can proceed to calculate 
a formula for varulite and arrojadite. The second part of Table 3 
shows the results obtained. The molecular proportions are grouped 
under three heads: P,O;, (Mn,Fe)O, and (Na,,Ca)O together with the 
small quantities of other basic oxides present. The ratios have been 
obtained using (Mn,Fe)O = 2 as a basis for calculation. It can be 
seen that the ratio (Na,.,Ca)O : (Mn,Fe)O : P,O; approximates to 
1:2:1. In no case is the agreement perfect; but with these partly 
altered minerals perfect agreement can hardly be expected. In all five 
analyses of varulite there is an excess of P,O;; this probably indicates 
that part at least of the H,O>105° is basic. The arrojadite from Brazil 
shows the greatest deviation from the ideal formula, giving 0.798 
instead of 1.000 for the P,O; ratio. In this case, however, the specimen 
analysed was impure, the author specifically stating that the analysed 
material was not only partly altered, but also contained some hema- 
tite, quartz, and cassiterite. The too low value for the ratio of P20; 
is a result of a too high value for the Fe,O, content, which results in a 
too high value for (Mn,Fe)O and (Na;,Ca)O. 

The above reasoning suggests the formula (Na,,Ca)O- 2(Mn,Fe) 
O-P.,0O,; for varulite and arrojadite; in varulite the ratio of iron to 
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manganese is less than 1, in arrojadite this ratio is greater than 1. 
This formula for varulite and arrojadite suggests a close relationship 
to the minerals lithiophilite and triphylite, and especially to natro- 
philite. On chemical grounds varulite and arrojadite appear as na- 
trophilite in which part of the sodium is replaced by calcium. Alter- 


' 
2 

? 

% 


natively varulite and arrojadite can be considered as solid solutions 


of two components Na,O + 2(Mn,Fe)O-P,O,; and CaO - 2(Mn,Fe)O - P,O,. 
The. component Na,O-2(Mn,Fe)O-P,0, occurs nearly pure as the 
mineral natrophilite; the component CaO-2(Mn,Fe)O-P.O; is not 
certainly known as a mineral. 

The nomenclature of these minerals must be discussed at some 
length. For the manganese-rich members of the varulite-arrojadite 
group the nomenclature is simple. The name varulite stands alone 
and was specifically applied by QuENSEL to those specimens in which 
the manganese content was greater than the iron content. 

In the nomenclature of the iron-rich members of the group confu- 
sion exists because different names have been applied to them at dif- 
ferent times. The first specimen belonging to this group was described 
from South Dakota by HrappEN in 1891. He described it as »a 
phosphate near triphylite», but pointed out that the differences in 
composition were too great to admit of it being regarded as identical 
with triphylite. However, he gave it no name. ZIEGLER, in 1914, 
in a description of the mineralogy of the Black Hills of South Dakota 
(19), pointed out the desirability of distinguishing HeappEn’s phos- 
phate from triphylite, and suggested the name soda-triphylite for it, 
on account of the high sodium content. In 1925 Gurmarazgs described 
arrojadite; he showed that by deducting impurities and calculating 
iron as ferrous, the arrojadite from Brazil agreed with HEADDEN’s 
formula for the mineral from South Dakota. Gurmarazs therefore 
named HEADDEN’s phosphate arrojadite, apparently not having seen 
ZIEGLER’S paper. 

Both arrojadite from Brazil and HEraDDEN’s phosphate have a 
Fe: Mn ratio greater than 1. In 1937 QuENSEL described the corres- 
ponding mineral with a Fe : Mn ratio less than 1 and named it varulite. 
He pointed out that HeapprEn’s phosphate was related to varulite 
in the same way that triphylite is related to lithiophilite. He had not 
seen the work either of ZimGLuR or of GuimaRaAzs, and therefore pro- 
visionally named HEappEN’s phosphate headdenite. 

Thus three names are current for the iron-rich members of the ar- 
rojadite-varulite group — soda-triphylite, arrojadite, and headdenite. 
Application of the law of priority would assign the name soda-triphy- 
lite to these iron-rich minerals. That is all that can be said in favour 
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of ZIEGLER’s name. In other respects it is a thoroughly bad name. 
The name soda-triphylite, if it suggests anything, suggests a mineral 
in which the lithium of triphylite has been replaced by sodium; this 
mineral is already known and has been named natrophilite. Heap- 
DEN’s phosphate differs from natrophilite in its calcium content, and 
this calcium content is its distinguishing feature. In spite of the law 
of priority, therefore, I would suggest the rejection of ZreqLER’s name 
on the grounds of its being false in signification. 

Soda-triphylite being rejected, the name arrojadite becomes applic- 
able, having priority over QUENSEL’s name headdenite. GuIMARAES 
applied the name arrojadite both to his mineral from Brazil and to 
Headden’s phosphate from South Dakota. In a recent paper (16) 
QUENSEL has pointed out that arrojadite from Brazil and Hxrap- 
DEN’s phosphate differ in that part of the iron content in the Brazilian 
arrojadite is in the trivalent state. In HeappeEn’s phosphate, how- 
ever, all the iron is bivalent. QUENSEL suggests the retention of his 
name headdenite for HEADDEN’s phosphate on the grounds that the 
arrojadite from Brazil is a partly oxidised subspecies of HEADDEN’s 
phosphate. 

GUIMARAES described arrojadite in a rather obscure publication, 
and I have not been able to refer to it, but only to abstracts in the 
Mineralogical Magazine, the American Mineralogist, and to the de- 
seription in Hinrze’s handbook. These descriptions, however, show 
that GUIMARAES gave the name arrojadite to a mineral with the com- 
position 4R,PO,-9R,;P,0., with all the iron in the bivalent state, that 
is, to the unoxidised mineral represented by HrappEn’s phosphate. 
GUIMARAES specifically stated that the analysed sample of the Brazil- 
ian arrojadite contained some hematite and some alteration products, 
which would account for the content of Fe,0, in the analysis. He 
therefore applied the name arrojadite to the unoxidised mineral, re- 
presented in a pure state by the mineral from South Dakota. This 
principle was followed quite independently by QuENSEL in 1937 in 
his original description of varulite. He proposed the name varulite 
for the unoxidised mineral, although his analysis showed a partial 
oxidation of the iron to the trivalent state. 

The position is that the name arrojadite was proposed for the un- 
oxidised mineral, represented in a pure state by Heappen’s phos- 
phate. Arrojadite therefore is strictly synonymous with QUENSEL’s 
headdenite, and priority rules that the name arrojadite must be ac- 
cepted and the name headdenite rejected. 


10—410060. G. F. F. 1941. 
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Varulite and arrojadite are similar in composition to two othe 
rare minerals, dickinsonite and fillowite. Dickinsonite and fillowit 
are dimorphous forms of the same compound R,P,0,+*3H,0, in whick 
R = Mn, Fe, Ca, and Na, mainly. Chemically dickinsonite and fil- 
lowite are distinguished from the arrojadite-varulite group by the 
small (about 1.6 °4) but constant amount of water present, and by 
the ratio (Mn,Fe)O : (Nas,Ca)O, which is variable and greater than 
the corresponding 2:1 ratio in varulite and arrojadite. In physical 
properties dickinsonite and fillowite are also different from varulite 
and arrojadite; their specific gravity is considerably lower, and they 
differ in optical properties, e. g. the refractive indices of dickinsonite 
and fillowite are lower than those of varulite and arrojadite. X-ray 
powder photographs of the type dickinsonite from Branchville differ 
from powder photographs of varulite. Structurally, therefore, dickin- 
sonite and varulite are different. I have not had any specimens of 
fillowite available, so have not been able to make a similar comparison 
between it and varulite. Chemical and physical properties, however, 
indicate that fillowite is a mineral quite distinct from varulite or ar- 
rojadite. Dickinsonite and fillowite will not be further discussed, as 
their properties indicate that they are not closely related to the min- 
erals dealt with here. 


Part 2. The secondary iron-manganese phosphate minerals. 


In the first part of this paper the primary minerals of the iron- 
manganese phosphate group were discussed in detail. The purpose 
of that discussion was to show the relationship between the different 
minerals in the group, and to provide a basis for the investigation of 
the large number of secondary iron-manganese phosphates that have 
been described as resulting from the alteration of one or other of the 
primary minerals. These secondary minerals are formed by the proc- 
esses of oxidation and hydration, acting singly or together. 

In the first paper dealing with the minerals of the Varutrisk peg- 
matite (12) QuENsEL showed that the oxidation of the primary iron- 
manganese phosphate minerals was a two-stage process; all the bivalent. 
iron was oxidised to the trivalent state before the bivalent manganese 
was affected. Thus from a primary iron-manganese phosphate with 
both iron and manganese bivalent, there is derived by oxidation first 
a mineral with all the iron trivalent and all the manganese bivalent, 
and then another mineral with all the iron and all the manganese in 
the trivalent state. 
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Since 1937 this institute has built up a considerable collection of 
these minerals from different parts of the world. New material and 
new analyses have given a clearer understanding of this group of min- 
srals, and for this reason the whole complex of alteration products 
of the primary minerals has been taken up for renewed consideration. 
The alteration series of each of the primary minerals — lithiophilite 
and triphylite, natrophilite, arrojadite and varulite, and graftonite 
and mangualdite — will be discussed in turn. 


Alteration products of the triphylite-lithio- 
philite group. 


The triphylte-lithiophilite alteration products are dealt with first, 
as their widespread distribution and number of occurrences make 
triphylite and lithiophilite the most important of the primary iron- 
manganese phosphate minerals. For this reason much has been written 
about the alteration of triphylite and lithiophilite, and many names 
given to the secondary products. Study has shown that a number of 
these names are synonymic, and therefore must be discarded. 


1. Alteration of triphylite and lithiophilite 
by oxidation. 


In the first report on the minerals of the Varutraisk pegmatite 
(QUENSEL, 12), the oxidation of triphylite and lithiophilite was for- 
mulated as follows: 


triphylite —>» Fe-sicklerite —+> heterosite 
Li(Fe?+, Mn*t)PO, Li(Fe**, Mn’*+)PO, (Fe®*+, Mn**)PO, 
lithiophilite —> Mn-sicklerite —> purpurite 
Li(Mn’t, Fe?*)PO, Li(Mn?*, Fe**+)PO, (Mn?*, Fe*t+)PO, 


This was the first recognition that the oxidation of the iron-manganese 
phosphates was a two-stage process. The evidence for the two-stage 
process is most striking in specimens from Varutrisk, a central nod- 
ule of fresh blue grey triphylite being surrounded successively by a 
brown ring of sicklerite and a purple ring of heterosite. Prior to 1937 
sicklerite was known only from Pala, California. It was described by 
ScHALLER in 1912 (20), who noted that it was an alteration product 
of lithiophilite, without suggesting any relationship between the sick- 
lerite and the purpurite which is also found at Pala. 

The end members of the oxidation series — triphylite and lithio- 
philite, heterosite and purpurite — have been recorded from a number 
of localities, but sicklerite, the mineral of the middle stage of oxida- 
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Table 4. 

1; z. 3. 4. 4 
[Ot ee Le ee ee OM ve meer! 2)" 44.80 44.45 43.10 44.83 
a ae re eee 27.20 14.58 11.26 4.7 
MO pita: bru Guten. cece rs ea hee -- 0.00 4.39 2.10 8.1 
aan! ck 7 Oa eat ee ee Gs Pee 0.59 0.00 — 0.00 
NI Opiet Bie) tes A ces eee. bt du me 19.13 26.14 33.60 29.61 
Ae ce Pe ne ted SP eet Sete: Uns yo, ees 1.36 0.84 0.20 3.44 
(UIE os re ta iat SI PC dae es SAG 0.11 0.59 — 0.00— 
DOR 50 teeta eee eee ae ey ee 3.26 3.72 4.89 3.80 3.94, 
INU) Mane eosin ac eae deme a os oor Toes rs 0.88 0.81 1.17 == 1.22 
TG ek Feros 2. oe 0.00 0.13 _ 0.08 
He OLSLOS elias 4) ee en sto ae ketene 0.44 0.51 0.76 MIB fi! 4.02 
TOS LOB a te het oe ad, ts bom 0.51 1.00 — O11 
SOL tee es RO PM ees soe a eee 2.42 1.66 0.32 4.18 0.32 


100.51 10040 99.76 99.95 100.48 


Molecular Ratios. 


AP 2. a. 4. 5. 
163 Oke Ao Ras Se le ee a ee 2s we prone 3.024 3.036 2.821 2.Te 
iOS cr eee ee ee eee ec 1.000 1.000 1.000 1.0 1.000 
(RO = sum of basic oxides recalculated as bivalent.) 
NICE peed Nt eC ae Cee are a. 1.000 1.000 1.000 1.000 1.000 
Se) ae, ettorsve bx Seat tet geneween 0.502 0.448 0.444 0.269 0.316 
1. Fe-sicklerite, Loévlunden, Sweden. Geol. Féren. Férh., 59, p. 84, 1937. 
2. » Varutrisk, Sweden. Geol. Foren. Férh., 59, p. 84, 1937. 


3. Mn-sicklerite, Erajarvi, Finland. Thelma Berggren analyst, 1940. 
4. » Pala, California. Jour. Washington Acad. Sci., 2, p. 145, 1912. 
ay » Wodgina, Western Australia. Thelma Berggren analyst, 1939. 


tion, has only been recorded from Pala, Varutriisk, and doubtfully 
from Center Strafford, New Hampshire (4). In the fourth (1932) edi- 
tion of Forp-Dana’s »Textbook of Mineralogy» and in ENGLIsnH’s 
»Descriptive List of the New Minerals, 1892—1938» sicklerite is also 
recorded from the Tintic district, Utah. Tintic as a locality for sick- 
lerite would be surprising, as sicklerite is a mineral of the lithium peg- 
matites, and Tintic is a locality for copper minerals. The record, how- 
ever, 18 erroneous; the origin of the mistake lies on p. 606 of the »Zeit- 
schrift fiir Kristallographie», vol. 62, 1925; there, on account of a 
printing error, the line separating mixite from sicklerite has been mis- 
placed, so that mixite from Tintic is included under the heading of 
sicklerite. This extract from the »Zeitschrift fiir Kristallographie» was 
a summary taken from the 1921 edition of LarsEN’s »The microscopi¢ 
determination of the nonopaque minerals», and reference to the source 
book disclosed the error in the reprint in the »Zeitschrift fiir Kristallo- 
graphie», References in mineralogical textbooks to Tintic as a loca- 
lity for sicklerite should therefore be deleted. 

The available analyses of sicklerite are collected in Table 4. These 
analyses show that sicklerite can be characterised as a lithium iron- 
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manganese phosphate with all the iron trivalent and all the manganese 
bivalent. ScHatLeR formulated sicklerite thus: 6MnO - Fe,0, : 4P,0, 
-3(Li,H),0.1 Quensel, investigating the Varutriisk sicklerite, which 
contains much more iron than the sicklerite from Pala, formulated it 
thus: 12RO-5Fe,0,-9P,0; (R including both Li, and Mn). He point- 
ed out, however, that the Fe,O, content was naturally dependent on 
the amount of iron in the original triphylite and lithiophilite, and that 
the ratio of RO to R,O, could not be expected to show any strict mo- 
lecular proportions. 

The ideal formula for sicklerite would be the perfectly general one 
derived from consideration of the oxidation process by which it is 
formed from lithiophilite and triphylite, and by which it forms pur- 
purite and heterosite. This process may be theoretically represented 
by the following equation: 


Li, -2(Mn,_,, Fe,)-P,0, ~2-> (1—x) [Li,0 -2Mn0 -P,0,)- 
triphylite-lithiophilite -x[Fe,0,-P,O;] + xLi,O 
sicklerite 
(1—x)O 


> (Mn,Fe),0,-P,0, + (1—x)Li,O 
heterosite-purpurite 


The test of this ideal theoretical formula is whether it agrees with the 
experimental data embodied in the analyses. The theoretical formula 
gives no indication as to how the variable but generally small content 
of H,O, Na,O, CaO, and MgO are bound in the structure. The funda- 
mental condition is that the ratio of the basic oxides (all calculated as 
bivalent) to P,O; should be 3:1. The second half of Table 4 shows 
that this condition is fairly well met (H,O is not including among the 
basic oxides). Analyses 4 and 5 show the greatest deviation, both 
on the side of a deficiency of basic oxide. These two analyses also 
show a rather high water content, suggesting that part of this water 
is basic and combined with P,O;. 

A further condition of the theoretical formula is that the ratio 
MnO: Li,O should be 1:0.5. Testing this condition leads to diffi- 
culties in that it is not known what part the oxides Na,O, CaO, and 
MgO play in the structure. For the purposes of a rough calculation 
these oxides have not been considered. The second part of Table 4 
gives the value of this ratio for each analyses. Analyses 1, 2 and 3 
give quite good agreement with the theoretical requirements; analyses 


1 Tt may be pointed out that present conceptions of crystal chemistry oppose the idea, 
inherent in this formula, that the hydrogen ion can replace the lithium ion. 
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4 and 5 give poor agremeent. Analyses 1, 2, 3, and 4 are most satis 
factory from the point of view of the calculation in that they shoy 
only small percentages of other oxides than those required by theory 
Analysis 5 is particularly unsatisfactory for calculation on account 
of the high content of calcium; part of this calcium may be present a: 
a phase other than sicklerite, but it is probable that some at least 
is present in the sicklerite, replacing one or other of the basic oxides 

The conclusion may be reached that the theoretical equation gives 
a picture of the oxidation process which is not far from that which 
takes place in nature. The ideal formula for sicklerite is (1—x) [Li,O 
-2MnO- P,O;]-x[Fe,0,-P,0;], but actual analyses may not con= 
form to the ideal formula, expecially when there are appreciable 
amounts of CaO, MgO, and Na,O present. The part these oxides play 
in the structure cannot be determined definitely with the evidence 
that is available. All that can be said is that they are linked as basi 
oxides with P,O;; how they are distributed in the structure of sick 
lerite is not known. Although some analyses of sicklerite conform 
the theoretical formula, for practical purposes it is probably bett 
to formulate sicklerite more generally, thus: (Li,Mn?*,Fe*t)PO,, it 
being understood that other oxides, especially CaO, MgO, Na,O, and 
H,O, may appear in an analysis, without, however, being essential 
constituents. 

The type sicklerite from Pala was formed by the oxidation of li- 
thiophilite, and had a higher content of manganese than of iron. The 
sicklerite from Varutriisk was formed by the oxidation of triphylite, 
and thus had a higher content of iron than of manganese. QUENSEL 
therefore proposed (12, p. 85) to name the mineral from Varutrisk 
ferri-sicklerite (shortened to Fe-sicklerite) indicating a relationship 
with the Pala sicklerite but emphasising the higher content of iron. 

This proposal follows the lines of the earlier differentiation between 
triphylite and lithiophilite, heterosite and purpurite. The distinction 
between an iron-rich and a manganese-rich sicklerite may be made 
in a number of ways. The most fundamental is, of course, the direct 
determination of the content of iron or manganese by chemical analysis. 
Optical methods might be used, but would be difficult to apply on 
account of the deep colour and high refractive index of sicklerite, and 
at present there is complete lack of data on the variation of optical 
properties of sicklerite with chemical composition. X-ray methods 
are useful in distinguishing between iron-rich and manganese-rich 
sicklerites; the lattice dimentions of sicklerite vary with varying Fe,Q3 
content, the size of the unit cell diminishing with increase of the Fe,O, 
content. The positions of lines in powder photographs therefore change 
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Figure 2. X-ray powder photographs of triphylite, Mn-sicklerite, Fe-sicklerite, and 
heterosite, illustrating the change in position of the reflections with increase in R,O; 
content (R = Fe,Mn). Cr-K radiation. 


1. Triphylite, Varutriisk. 43 % RO, 0 % R,O;. Unit cell volume = 296 A’. 
2. Mn-sicklerite, Erajarvi. 26 % RO, 19 % R,O,. Unit cell volume = 292 A®. 
8. Fe-sicklerite, Varutrask. 15 % RO, 29 % R.O,. Unit cell volume = 287 A3. 
4. Heterosite, 8S. W. Africa. 1 % RO, 49 % R,O3. Unit cell volume = 269 As, 


Powder photographs of lithiophilite are identical with powder photographs of triphy- 
a and powder photographs of purpurite are identical with powder photographs of 
eterosite. 


regularly with increase of Fe,O,; content (Fig. 2). This method, how- 
ever, requires powder photographs of one or two analysed sicklerites 
for comparison purposes. Finally the character of the sicklerite can 
be deduced from the character of the associated minerals: from the 
origin of sicklerite it can be seen that a manganese-rich sicklerite will 
generally occur associated with lithiophilite and purpurite, whereas 
an iron-rich sicklerite will generally occur associated with triphylite 
and heterosite. 

I therefore formally propose that ScHALLER’s original name sick- 
lerite, applied to the mineral from Pala, be extended to cover the 
whole group with the general formula (Li,Mn’*,Fe*+)PO,. QUuEN- 
SEL’s names Fe-sicklerite and Mn-sicklerite can then be used to di- 
vide the group into two parts: Fe-sicklerite being the name applied 
to a sicklerite in which the ratio of iron to manganese is greater than 
1, Mn-sicklerite being applied to a sicklerite in which this ratio 1s less 
than 1. 

Fe-sicklerite was identified doubtfully by Swirzer (4) from the 
pegmatite at Center Strafford in New Hampshire. He wrote: »One of 
the triphylite alterations from Center Strafford resembles QUENSEL’S 
ferri-sicklerite, and it may be that the two are the same. In a direct 


140 BRIAN MASON. [Mars—April 1941, 
+7 


comparison of the material in question from Center Strafford, and 
ferri-sicklerite from Varutriisk kindly furnished by Dr. QUENSEL, the 
two minerals resemble each other rather closely both physically and 
optically. The Center Strafford material is dark brown or black in 
color, and has a dark brown powder. It is biaxial, with a moderate 
optic angle, has a mean refractive index of approximately 1.80, and 
is strongly pleochroic from light to dark brown.1 Due to high absorp- 
tion, optical data are obtained with great difficulty, so the exact 
optical correspondence of the two is not certain.» 

X-ray powder photographs of the Center Strafford mineral, kindly 
sent to this institute by Professor PaLacny, confirmed its identity 
with the ferri-sicklerite from Varutriisk. Center Strafford is therefore 
another locality for this mineral. 

From the literature dealing with the alteration of triphylite and 
lithiophilite, it is evident that the presence of sicklerite has sometimes 
been recognised, but the mineral has not been identified as such. Thus 
MuLiBavuER, in his description of the pegmatite at Hagendorf in Ba- 
varia (21, p. 326), writes: »The alteration products of triplite and 
triphylite, preserving the structure of the parent substances, are the 
water-containing iron-manganese phosphates heterosite with dominant 
iron content and brown colour, and purpurite with dominant man- 
ganese content and purple-violet colour. Specimens were collected 
from this place (Hagendorf) in the summer of 1923 that in the space 
of a few square centimeters show fresh triplite and triphylite changing 
to heterosite and purpurite, the last two always occurring together. 
These specimens, in which the heterosite always occurs between the 
fresh unaltered material and the purpurite, are, on account of the 
water content, rather friable.» 

The author is correct in stating that heterosite is an iron rich phos- 
phate and purpurite a manganese rich phosphate. However heterosite 
equally with purpurite has a purple-violet colour, not a brown colour. 
As far as I have seen, heterosite and purpurite do not occur together, 
heterosite being associated with triphylite, purpurite with lithiophi- 
lite. Specimens from Hagendorf in the collection of this institute 
show a brown mineral and a purple-violet mineral occurring together, 
just as MULLBavER says. The brown mineral is, however, not hetero- 
site, but ferri-sicklerite, and the purple-violet mineral not purpurite 
but heterosite. The description »the heterosite (ferri-sicklerite) al- 


* In QUENSEL’s paper (12, p 83) ferri-sicklerite was described as being »almost un- 
pleochroitic) Later observation showed that the Varutrask sicklerite, like the sicklerite 
from Pala and Center Strafford, is pleochroic from yellow to brown; the earlier pub- 
lished observation was made when the quantity of sicklerite from Varutrask was very 
small, and only one thin section was available. 
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ways occurs between the fresh unaltered material and the purpurite 
(heterosite) tallys exactly with what has been observed in specimens 
from other localities also. 

MULLBAUER’s error in writing heterosite for ferri-sicklerite and 
purpurite for heterosite probably had its origin in the description of 
LAUBMANN and Steinmetz of the pegmatite at Hiihnerkobel in Ba- 
varia (22, p. 574). They also recognised two substances as resulting 
from the alteration of triphylite; one, a brown mineral, they identified 
as heterosite, and the other, a purple mineral, they identified as pur- 
purite. The optical properties of the brown mineral they described 
thus: »In thin section the cleavage directions of uriphylite are just as 
completely preserved in heterosite, as seen with the naked eye. The 
heterosite has a transparent brown colour, with strong pleochroism 
from deep brown to clear brown; the double refraction is weak and in 
convergent light the mineral is optically biaxial, but this is difficult 
to see on account of the strong colour.» This description agrees with 
the properties of sicklerite, not with those of heterosite. 

There is no doubt that LauBMANN and STEINMETZ, and MULLBAUER, 
were dealing with specimens of ferri-sicklerite, which were wrongly 
identified with heterosite. Similarly the mineral they identified as 
purpurite was actually heterosite. In all specimens from the pegma- 
tites at Hagendorf and Hiihnerkobel that I have examined the 
sequence is triphylite — ferri-sicklerite — heterosite, not triphylite — 
heterosite — purpurite, as put forward by these authors. 

Hopee-Smiru (57) in 1934 described heterosite from a lithia-bearing 
albite pegmatite in the Euriowie Range of New South Wales, Australia. 
From his description of the heterosite, it appears that triphylite and 
sicklerite were also present. He writes: »Under the microscope a very 
well marked parting at 68° to the principal cleavage is seen. It is made 
more prominent by the presence of a colourless mineral with a high 
refractive index, low double refraction, and straight extinction, poss- 
ibly apatite. In places this mineral is replaced by a golden-yellow 
mineral. Of the two cleavages seen in the hand specimen one is more 
distinct than the other; both are more or less curved and much inter- 
rupted. Inclusions along the cleavage surfaces, probably due to alter- 
ation of the same yellowish brown mineral, previously noted, are very 
common. No trace of the colourless mineral observed along the part- 
ing planes was noted along the cleavages. That the mineral has been ° 
subjected to strain is demonstrated by the presence of minute faults 
beautifully shown by the colourless mineral along the parting planes.» 

Hopce-Smiru actually called the heterosite »purpurite», but the 
analysis shows 36 % Fe,0, and only 15 % Mn,0;, so the mineral is 
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rightly named heterosite. He described it as »evidently an alteration 
product of lithiophilite», but the predominance of iron over manganese 
indicates that it is probably an alteration product of triphylite. The 
above description of a colourless mineral with a high refractive index, 
low double refraction, and straight extinction points to the mineral 
being triphylite, rather than apatite. Especially suggestive is the re- 
placement of this colourless mineral by a yellowish brown mineral, 
which, considering the association, is almost certainly sicklerite. The ~ 
most probable interpretation of the facts put forward in HopGE-— 
Smrru’s paper is that in the lithium pegmatites of the Euriowie Range — 
the usual sequence triphylite — ferri-sicklerite — heterosite is present. 


Pseudoheterosite. lLaocrorx, in his »Mineralogie de la 
France» (23), recognised a mineral, occurring together with triphylite 
and heterosite, which he called pseudoheterosite. This mineral appears 
to be identical with sicklerite. Lacrorx describes it thus: »it forms, 
between the triphylite and the heterosite, a zone exceeding in places 
one centimeter in width; one can frequently establish the presence of 
lamellae of heterosite in the middle of it; especially is it found in the 
cleavages of this mineral. I suppose that it constitutes an interme- 
diate state of transformation of triphylite to heterosite, although it is 
possible that it is, on the contrary, a product of the transformation 
of heterosite». No analysis was made of pseudoheterosite, but concerning 
an analysis of heterosite, which gave a sum of 103.17 instead of about 
100, Lacrorx writes: »All the iron and manganese has been estimated 
as sesquioxide, the excess in the analysis showing that there exists a 
part in a state of lower oxidation; this is probably due to the presence 
of pseudoheterosite, which is perhaps an intermediate stage in the 
oxidation of triphylite.» Lacrorx differentiated pseudoheterosite from 
triphylite and heterosite on optical properties. Pseudoheterosite was 
pleochroic from golden yellow to yellow brown and deep brown. Its axial 
angle seemed to be near 90°, although measurement was rendered impos- 
sible by the intensity of colour and pleochroism. The optic orientation 
of pseudoheterosite was different from that of triphylite and heterosite. 

These properties agree with those of sicklerite, except for the optic 
orientation. In a thin section of lithiophilite and sicklerite from Hra- — 
jarvi, in which the cleavages of the lithiophilite continue into the 
sicklerite, the optic orientation of the sicklerite is the same as that of 
the lithiophilite. Apart from this one observation everything points 
to pseudohetcrosite and sicklerite being one and the same mineral. 
Lacroix himself apparently thought that pseudoheterosite was an 
intermediate stage in the oxidation of triphylite to heterosite, just as 
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sicklerite is. In specimens from central France, I have seen sicklerite 
occurring together with triphylite and heterosite. 

The identity of sicklerite and pseudoheterosite introduces a problem 
of nomenclature. Pseudoheterosite was described by Lacrorx in 
1910, two years before ScHALLER described sicklerite. By applying 
the law of priority the name sicklerite should be discarded in favour 
of pseudoheterosite. ScHALLER’s description was, however, much more 
complete than Lacrorx’s; SCHALLER gave an analysis of sicklerite, 
and thus established it as an intermediate stage in the oxidation of 
triphylite and lithiophilite, with all the iron trivalent, and all the 
manganese bivalent. He also gave detailed physical and optical prop- 
erties of the mineral. The name sicklerite has survived, whereas the 
name pseudoheterosite has been overlooked or forgotten. In these 
circumstances it is best that pseudoheterosite as a mineral name should 
disappear and be replaced by sicklerite. 

From material in this institute sicklerite has been identified in spe- 
cimens from the following localities: Varutrisk, Sweden; Erajarvi 
(near Orivisi) and Tammela, in Finland; Hagendorf and Hiihnerkobel, 
in Bavaria; the neighbourhood of Limoges, in central France; Branch- 
ville, Connecticut, the type locality for lithiophilite; Center Strafford, 
Rochester, and North Groton, in New Hampshire; Peru and Stone- 
ham, in Maine; and Wodgina, in Western Australia. All these occur- 
rences are in lithium pegmatites, the sicklerite occurring together with 
the primary minerals, lithiophilite and triphylite, and the products 
of further oxidation, heterosite and purpurite. The known localities 
for sicklerite can be grouped according to type present as follows: 


Fe-sicklerite Mn-sicklerite 
Varutrisk Pala 
Tammela Varutrask 
Hagendorf Erajarvi 
Hiithnerkobel Branchville 
Central France Wodgina 
Center Strafford 

Rochester 

North Groton 

Peru 

Stoneham 


Kuriowie Range (?). 


Heterosite and purpurite. Heterosite was described in 
1825 (24) from the pegmatites near Limoges, in central France. The 
original description was in a French journal, and was largely over- 
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looked, as later finds of what were evidently heterosite were not identi- 
fied with this mineral. In 1851 Craw (60) and Dana (61) analysed and 
described an alteration product of triphylite from Norwich, in Massa- 
chusetts, and in 1854 Maturr (25) reanalysed the same mineral and 
added further details of its occurrence. Both the analyses (Table 5, 
3, 4, and 7) and the physical properties of this mineral show that it 
was heterosite. In 1879 Brus and Dana (26) described alteration 
products of lithiophilite which also correspond in physical properties 
and composition with heterosite, although more manganiferous than 
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the type heterosite from Limoges. Heterosite is not given specific 
rank in the sixth (1892) edition of Dana’s »System of Mineralogy»; — 


it is mentioned among »alterations of triphylite and triplite», the only 
locality given for it being Limoges. 

Heterosite had fallen into such obscurity that in 1905 Graton and 
ScHALLER (27) described a mineral of the same composition and prop- 
erties as »Purpurite, a new mineral». Two years later SCHALLER (28) 
proposed the names ferripurpurite for the iron-rich end member of 
the isomorphous series, and manganipurpurite for the corresponding 
manganese-rich end member. SCHALLER sent some of his purpurite 
to Lacrorx, who compared it with the type heterosite from Limoges. 
This comparison showed the identity of the two minerals, Lacroix 
pointing out that SCHALLER’s purpurite was only a heterosite more 
manganiferous than that of Limoges, on account of its having been 
formed from lithiophilite, whereas the type heterosite was formed 
from triphylite (23). ScHaLLerR (29) therefore proposed to retain the 
name purpurite, but to restrict it to the manganese-rich members of 
the isomorphous series (corresponding to his manganipurpurite), the 
original name heterosite being similarly restricted to the iron-rich 
members (corresponding to his ferripurpurite). This distinction fol- 
lows the same principle as the distinction between the parent minerals, 
lithiophilite and triphylite, and has been generally accepted. Some 
confusion, however, still exists; for example Hopegr-Smiru (57) de- 
scribed as purpurite a mineral from New South Wales containing 
36 % Fe.0; and 15 % Mn.0;, which therefore must be classed as he- 
terosite. BERMAN (2) has criticised the differentiation between hetero- 
site and purpurite, pointing out that neither of the end members have 
been reported as occurring in nature, and that heterosite and pur- 
purite vary in their optical properties to a marked degree, even with- 
in the same specimen, so that it is difficult to differentiate the two 
minerals optically. 

This criticism is just, but the differentiation between heterosite 
and purpurite has persisted, and will probably continue. As pointed 
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out above, it rests on the same basis as the differentiation between 
triphylite and lithiophilite, although it is possible to distinguish tri- 
phylite from lithiophilite by optical measurements. Analytical de- 
termination of the content of iron or manganese in the mineral is the 
most certain method of deciding whether a specimen should be classed 
as heterosite or purpurite. X-ray power photographs, useful in dis- 
tinguishing Mn-sicklerite from Fe-sicklerite, are of no value in the case 
of heterosite and purpurite, as the lattice dimensions of these minerals 
do not alter with alteration in the ratio between iron and manganese. 
If the parent minerals are known, this knowledge is generally suffi- 
cient to decide whether one is dealing with heterosite or purpurite. 
Heterosite is associated with triphylite and Fe-sicklerite, purpurite 
with lithiophilite and Mn-sicklerite. This method of distinguishing 
the two minerals rests upon the assumption that the ratio between 
iron and manganese does not change during the oxidation from tri- 
-phylite or lithiophilite to heterosite or purpurite. This assumption is 
generally, but not always, valid. 

Table 5 gives the reliable analyses of heterosite and purpurite pub- 
lished up to 1940. Two analyses of heterosite from Limoges — that 
of VAUQUELIN in 1825, and that of RAMMELSBERG in 1852 — which 
do not agree well with the theoretical composition of this mineral, are 
omitted. The two analyses of the so-called pseudotriplite are included, 
although they show too high a content of Fe,0; to correspond well 
with heterosite. Other properties indicate that pseudotriplite is syno- 
nymous with heterosite, and the lack of agreement in the analyses is 
probably due to admixture with ferric oxide. 

The ratio between (Fe,Mn),0, and P.O; in all analyses except the 
two of pseudotriplite does not vary greatly from 1. This indicates 
that the (Fe,Mn),O, and the P,O; are combined as the normal phos- 
phate, the formula being (Fe**,Mn’**)PO,. The water content, how- 
ever, is variable, and in most analyses fails to give any simple ratio 
to the (Fe,Mn)PO,. ScHatiErR considered that the water content in- 
dicated by analysis was probably present as water of crystallization, 
and wrote the formula of heterosite and purpurite as 2(Fe,Mn)PO,°- 
H.0O. Lacrorx, without discussing the question, wrote the formula 
thus: (Fe,Mn)PO, + H,0(?). QuENsEL pointed out that the analyses 
of the Varutrisk and the Erongo heterosite did not confirm ScHat- 
LER’s formula respecting the content of H,0. He showed that the 
analyses of the Varutrisk and the Erongo heterosite agreed better 
with the formula 4(Fe,Mn)PO,-H,0 than with ScHaLiur’s formula 
2(Fe,Mn)PO,:H,0. 
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Table 5. 
iy Be 3. 4, 5. 6. Pe 
BOs Bouin htetaeey “ereOU 41.60 41.35 44 64 38 72 (44.0)* 43.04 
Pesca, tous sol, LSE 24.60 27.36 26.02 28.20 27.0 29.50 © 
Min; in asc, > 20:08 29.35 24.70 23.30 24.45 23.0 22.59 
WTO ES AG? Soares ee -- --- — _ —_ — — 
AO eeeuin iii, pls 1.48 — 1.97 1.61 1.28 -- 0.09 
IVES Soa ot vets — — trace trace 0.04 — 0.73 
LOR wae ar te war OUraCe — 2.27 2.20 O.11 — Liaee 
UN OS ivi on cu, Bec, eee 0.84 —— — a 1.07 — —_—. 
H,O > 105° | : z ; 3.74 . Ee 
TOL ee eee 7.62 2.07 2.07 he 6.0 2.05 
WrigOl Marge clay sss le < 0.52 — 0.29 0.30 0.27 — = 
100.54 103.17 100.01 100.14 100.21 100.00 99.79 
(Al,O, = tr.) (A1,0O, = tr.) 
Molecnlar Ratios. 
ie 2. Se 4. 5. 6. Tn 
PIOz Puta bodes Saat eel sO00 1.000 1.000 1.000 1.000 1.000 1.000 
(Hes Min} SOs eee 0857 1.162 1.127 0.989 1.216 1.017 1.087 
Ole eerie R77 1.444 0.395 0.366 0.762 1.075 0.377 
OA INNO 9 5 eee es) 45 52 52 53 54 56 
1. Purpurite, Kings Mountain, North Carolina. Am. Jour. Sci., 20, p. 150, 1905. 
Dy » Chanteloube, France. Min. de la France, 4,, p. 470, 1910. 
3. Heterosite, Norwich, Massachusetts. Am. Jour. Sci., 11, p. 99, 1851. 
4, » Norwich, Massachusetts. Am. Jour. Sci., 11, p. 99, 1851. 
5 » (Neopurpurite), Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, 
p. 150, 1933. 
6. » Branchville, Connecticut. Am. Jour. Sci., 24, p. 253, 1907. 
he » Norwich, Massachusetts. Am. Jour. Sci., 18, p. 34, 1854. 


When all the analyses are considered, it can be seen that the water 
content is very variable, and only exceptionally agrees with any of 
the above formulas. Water is by far the most troublesome constituent 
of minerals for the satisfactory presentation of a chemical analysis. 
It may be present as adsorbed water, in which case it constitutes an 
impurity; it may be present as hydroxyl groups; and it may be present 
as water of crystallization. Accurate distinction of the three forms is 
rarely possible. 

If the water content of heterosite and purpurite were present as 
water of crystallization, one might expect that the ratio of HO to 
(Fe,Mn)PO, would show some constancy. As the analyses show, this 
ratio is quite variable. If only part of the water were water of crystalli- 
zation, and the remaining part adsorbed or linked as hydroxyl, then 
the lowest value of the molecular proportion of water might be con- 
sidered as approaching the ideal figure for the content of water of 


1 Estimated by difference. 
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Table 5 (continued). 


8. 9. 10. vale 12° 13. 14. 
Bier te oe e498 41.77 43.79 36.60 43.45 35.70 35.71 
OS ag aan 27.44 34.89 33.42 36.30 38.36 + 48.17 51.00 
peo, - . . «.. 20.42 UTS 15.14 15.30 12.08 8.94. 8.07 
ar Ore icin ore S66 — 1.53 — — — — 
Oy. ee 1.70 —- 1.16 2.16 13% — — 
ogee of || OT —- 0.00 — trace — — 
Oa re 0.46 — 0.83 — trace — — 
xe ara Seen 1.12 —- 0.72 1.60 trace -— — 

4 9 a6 
B= 300° a. = 4.40 “a (5.30)! 4.82 5.30 4.52 
NE eee 0.30 0.22 — 0.48? 0.19 1.40 0.70 


100.46 = 98.85 100.00 ~=—:100.00 100.27 ~~ 99.51 ~—«:100.00 
(K,0 = 2.26) 


Molecular Ratios. 


8. 9. 10. id. 12. £3. 14. 
TS oo 1.000 1.000 1.000 1.000 1 000 1 000 1 000 
(Fe, Mn).,0, 1.021 1.122 0.990 1.259 1.039 4277, 1.475 
dee Sa ae ee 0.325 0.831 0.420 1.142 0.875 1.170 0.998 
May KePO, . - «= 57 66 69 70 76 84 86 
8. Heterosite Varutrisk, Sweden. Geol. Féren. Férh., 59, p. 88, 1937. 
9. » Limoges, France. Ann. Chim. Phys., 41, p. 344, 1829. 
10. » Erongo, South-West Africa. Geol. Féren. Foérh., 59, p. 88, 1937. 
}1. » Euriowie Range, New South Wales. Rec. Australian Mus., 19, p. 175, 
1934. 
22. » Hill City, South Dakota. Am. Jour. Sci., 24, p. 153, 1907. 
13. > (Pseudotriplite), Rabenstein, Bavaria. Jour. prakt. Chem., 5, p. 319, 
1835. 
14. » (Pseudotriplite), Rabenstein, Bavaria. Lehrbuch der Oryktognosie, Aufl. 


2, p. 537, 1845. 


crystallization. For heterosite and purpurite the lowest value for the 
ratio P,O;: H,O is 0.325 (analysis 8), followed by 0.366 (analysis 4). 
This suggests that even if most of this water were combined as water 
of crystallization, the proportion cannot be greater than one molecule 
of water of crystallization to every 7 or 8 molecules of (Fe,Mn)PQ\. 

An experiment was devised in order to obtain some indication as 
to whether the water content shown by analyses of heterosite and 
purpurite was constitutional or bound by forces of adsorption. Analysis 
of a sample of the heterosite from Erongo (analysis 10) showed that 
the total water content was 3.41 %. Another part of this sample was 
then taken and heated for 24 hours at 110°, and then 24 hours at 200°. 
1.79 % H,O was driven off at 110°, and a further 1.52 % at 200°; a 
total of 3.31 °%, close to the total water content estimated on the sep- 
arate sample. X-ray powder photographs were taken of the heterosite 
(a) before heating; b) after heating at 110°; (c) after heating at 200°. 


1 Estimated by difference. 
2 Includes SiO, 0.20. 
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These powder photographs were identical one with the other. Thus 
the water content can be driven out of heterosite without causing any 
alteration of structure and without causing any change in the size 
of the unit cell. It is probable, therefore, that the water content inl 
purpurite and heterosite is not constitutional, but held by forces of — 
adsorption. Although all analyses of heterosite and purpurite show — 
the presence of a certain amount of water, this water does not appear — 
to be an essential constituent. It need not appear in the calculated 
formula. The ideal formula of heterosite and purpurite is thus (Fe’*, 
Mn'*)PO,; in heterosite the iron content is greater than the manga- 
nese content, in purpurite the manganese content is greater than the 
iron content. 

Heterosite and purpurite result from the oxidation of triphylite 
and lithiophilite. As will be shown later in this paper, they also result 
from the oxidation of natrophilite, varulite, and arrojadite. Some 
authors have also suggested that heterosite and purpurite may result 
from the alteration of triplite, (Mn,Fe).(F)(PO,). Thus MULuBAaver 
(21, p. 326), describing the minerals from the pegmatite at Hagendorf 
in Bavaria, says: »From this place (Hagendorf) in the summer of 1923 
hand specimens were collected that in the space of a few square centi- 
meters show fresh triplite and triphylite changing to heterosite and 
purpurite.» (It was shown (p. 140) that MULLBAUER’s heterosite was 
actually sicklerite and his purpurite was heterosite, but this has no 
bearing on the present question). SELLNER also, in a paper dealing 
with the phosphate bearing pegmatites of Marienbad in Bohemia 
(30, p. 509) describes purpurite apparently derived from triplite. 

I do not think it probable that triplite changes into purpurite or 
heterosite. In structure and composition triplite is not closely relat- 
ed to the primary minerals which are known to give rise to purpurite 
and heterosite. Triplite often occurs in close association with the 
alkali iron-manganese phosphates, especially lithiophilite and_ tri- 
phylite. In a number of specimens I have seen these minerals inti- 
mately intermixed. Triplite appears to be more resistant to altera- 
tion than lithiophilite and triphylite, as I have seen specimens in which 
the lithiophilite or triphylite was partly or wholly altered to sicklerite 
or heterosite or purpurite, whereas the triplite was still perfectly fresh, 
or at most had a thin coating of vivianite. Specimens in which tri- 
plite has occurred intergrown with lithiophilite or triphylite, which 
has since been completely altered to purpurite or heterosite, would’ 
easily suggest the false conclusion that the triplite has been the source 
of the purpurite or heterosite. I cannot but think that this has hap- 
pened in some cases, and the source of purpurite or heterosite ascribed 
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o the triplite by mistake. Derivation of heterosite or purpurite from 
riplite must be considered doubtful, to say the least. 

Three minerals have been described which are probably identical 
vith heterosite. These are pseudotriplite, melanchlor, and neopurpurite. 


Pseudotriplite. This mineral was described over 100 years 
igo from the pegmatite at Hiihnerkobel, near Rabenstein in Bavaria. 
in spite of the name, the original description by Fucus in 1835 (31) 
early states that this mineral was derived from triphylite. Fucus 
lid not give the mineral its name; the first appearance of the name 
yseudotriplite is in the second (1845) edition of BLum’s »Lehrbuch der 
Jryktognosie», where Fucus’s analysis was reprinted, together with 
. closely similar one by DeEtrrs. 

The original descriptions may be quoted. »The mineral (triphylite), 
whose occurrence I was not certain of earlier, occurs at Rabenstein 
n Bavarian Forest in the neighbouring pegmatite, in which is found 
rose-red quartz, beryl, tantalite, etc., and its accompanying minerals 
ire felspar, mica, and quartz, with which it is intergrown and is some- 
times intimately mixed. The supposed triplite which is found there 
is, | am perfectly certain, nothing else but altered triphylite, because 
[ have seen many specimens which show a clear transition from one 
fo the other. The altered triphylite contains no remaining trace of 
lithium, and the iron is at the maximum of oxidation.» (Fucus, 31.) 

Fucus’s analysis of this altered triphylite is reprinted in Table 5. 

Buium, who first used the name pseudotriplite, described this min- 
eral in an appendix to triplite, although Fucus clearly stated that it 
is an alteration of triphylite, which BLium himself admits in his de- 
scription, which runs: 

»Pseudotriplite: Compact masses. Cleavage in three directions, of 
which one is quite good. Uneven fracture. H = 3.5. Brittle. G = 3.0 
—3.1. Opaque. Dull, sometimes lustrous. Blackish brown to brown 
and blue black. Streak yellow brown. 

In front of the blowpipe it swells out a little, then melts to a grey 
black, shining, magnetic bead. It gives water on heating. 

It is found in coarse grained granite, accompanied by beryl, tanta- 
lite and triphylite, at Rabenstein near Bodenmais in Bavaria; it 18 
an alteration of triphylite (32, p. 537). 

De.trrs’s analysis, which accompanied Brum’s description, 18 re- 
printed in Table 5. 

These descriptions of pseudotriplite as an alteration product of 
triphylite, still with the well marked cleavages of the parent mineral, 
suggest at once that pseudotriplite is sicklerite or heterosite, the only 


11—410060. G. F. F. 1941. 
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minerals known to form pseudomorphs after triphylite. The analyseq 
considering the time at which they were made, correspond fairly wel 
with heterosite; they indicate a too high content of Fe,0, and a too 
low content of P,O;, but this may well be due to admixture with Fe,0,. 
The properties of pseudotriplite also agree with those of heterosite, 
except for the specific gravity, which is a little low (3.0--3.1, against 
the modern value for heterosite of 3.2—3.5), and for the colour. The 
colour of pure heterosite is brilliant reddish purple; often, however, 
it is covered with a brownish black coating of oxides or basic phos- 
phates, which is very tenacious and can only be removed by washing 
the specimen in dilute acid. 

In the Riksmuseum in Stockholm there is a specimen labelled »Pseu- 
dotriplite from pegmatite near Zweisely. This locality is doubtless 
the Hiihnerkobel pegmatite. Dr. Zenzin of the Riksmuseum informs 
me that, from the labels, this specimen was received by the museum 
in the forties of last century, and is therefore probably similar to spec- 
imens examined by Fucus and Bium. The specimen in the Riks- 
museum is a pseudomorph of heterosite after triphylite, with small 
quantities of sicklerite also present. It is brownish black to black in 
colour, and only after washing in acid does the purple colour of he- 
terosite appear. 

There is no doubt in my mind that the mineral described as pseudo- 
triplite is identical with heterosite. Pseudotriplite is a most deceptive 
name, as it instantly suggests a connection with triplite, and alteration 
products of triplite have been described under this name. Thus in a 
recent paper (33) we find: »Pseudotriplite: a comparison of the analysis 
by De.trrs (1894) with that of triplite indicates that pseudotriplite 
is an iron rich triplite and a member of that series.» The writer of 
this sentence has evidently been misled by the name to believe that 
pseudotriplite is an alteration of triplite, although DELFFs’s analysis 
shows no fluorine, and it is definitely stated that pseudotriplite is an 
alteration of triphylite. Fortunately the name pseudotriplite can be 
struck out of mineralogical literature, as heterosite, described in 1825, 
antedates it by some years. It is therefore sitions! proposed that the 
mineral name pseudotriplite be discarded. 


Melanchlor. This mineral was described by C. W. Fucus in 
1839 (34), from the pegmatite at Hiihnerkobel near Rabenstein in 
Bavaria. From his description it appears that he was dealing not 
with an individual mineral, but with a mixture of alteration products 
of triphylite. Nevertheless the name melanchlor has persisted in the 
textbooks; it appears in Dana’s »System» (1892 edition), in DoELTER 
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(35), who comments that it stands near to heterosite, and in Hintzu 
(36), who says »Melanchlor is probably only a decomposition product 
of triplitey, in spite of the fact that melanchlor was described as as- 
sociated with triphylite, and in spite of the fact that triplite has never 
been found in the Hiihnerkobel pegmatite. 

As melanchlor is an alteration product of triphylite, it may be di- 
scussed here. The original description of melanchlor is so vague that 
it is doubtful if this mineral could be recognised by anyone except 
the original author; his analysis of it was incomplete, and he himself 
says that the iron and phosphorus determinations varied considerably 
in different samples. Lauspmann, who described the Hiihnerkobel 
pegmatite in 1920 (22), is the only author who has critically reexamined 
the so-called melanchlor from this locality. He describes the so-called 
melanchlor as rather fresh compact pseudomorphs after triphylite; 
thin sections showed that the dominant part of the specimens was 
kraurite (dufrenite), a hydrated ferric phosphate of uncertain composi- 
tion. Specimens in the Riksmuseum in Stockholm labelled »Melanchlor 
from Hiihnerkobel» and probably received in the forties of last century, 
just after melanchlor was first described, show clearly the pseudo- 
morphous form after triphylite. Examination showed that these speci- 
mens were a complex mixture; there was an outer coating, brown to 
black in colour, surrounding a core of heterosite with a little sicklerite. 

All the evidence shows that melanchlor is not a definite mineral 
species, but a mixture of several separately known species, and the 
name melanchlor should therefore be discarded. 


Neopurpurite. Neopurpurite was described in 1933 by Marro 
DE JEsuS from the pegmatites near Mangualde in Portugal (8). It 
was an alteration product of lithiophilite. The physical properties of 
neopurpurite are similar to the physical properties of heterosite and 
purpurite. Mario pE Jesus, however, calculated the analysis of neo- 
purpurite to give the formula 7R,0,-5P,0;-4H,0, which, on account 
of its difference from the simpler formula of purpurite, he regarded 
as indicating a new mineral. He gave this supposed new mineral the 
name neopurpurite. 

Unfortunately Mario pe Jesus made a mistake in calculating the 
formula of neopurpurite from the analysis. He added the content 
of univalent and bivalent oxides to the content of the trivalent oxides, 
without making any allowance for the difference in valency. He ap- 
parently overlooked the fact that whereas one molecule of RO; 1s 
equivalent to one molecule of P,Os, three molecules of RO are equiv- 
alent to one molecule of P,O;. When his analysis is recalculated the 
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molecular ratio R,O,: P.O; is 1.216: 1000 if Mn,O, and Fe,O, alon 
are included in R,O,; if the univalent and bivalent oxides are included 
this ratio is 1.272: 1.000. In view of the variation shown in this ratio 
by other analyses of heterosite and purpurite, the deviation in the 
analysis of neopurpurite can hardly be considered as good grounds 
for proposing a new mineral name, especially as the physical proper- 
ties of neopurpurite are so similar to those of heterosite and purpurite. 
Nothing can be found in the original description that will en- 
able neopurpurite to be distinguished from heterosite or purpurite. 
Until further evidence is given for the separate identity of neopur- 
purite, this mineral must be considered as belonging to the heterosite- 
purpurite group. As the amount of iron present in neopurpurite is 
greater than the amount of manganese, neopurpurite is classed as 
heterosite, although derived from lithiophilite by oxidation. The 
analysis of the Mangualde lithiophilite, however, shows almost 50 % 
of the LiFePO, molecule. 


2. Alteration of triphylite and lithiophilite 
by hydration. 

The alteration of triphylite and lithiophilite by hydration is a more 
complex subject to discuss than the alteration by oxidation, in that 
the number of different products is greater, and the conditions govern- 
ing their formation are practically unknown. No fewer than six dif- 
ferent minerals have been described as direct hydration products of 
triphylite or lithiophilite, and oxidation of these hydration products 
gives two minerals combining both hydration and oxidation. 

The following minerals have been described as formed by the hydra- 
tion of lithiophilite or triphylite: (R = Fe,Mn) 

Hureaulite: 5RO-2P,0,-5H,O 

Palaite: 5RO-2P,0;-4H.O 

Pseudopalaite: 6RO -2P,0;-5H,O 
Reddingite: 3RO-P,0;-3H,O0 (Mn>Fe) 
Phosphoferrite: 3RO-P,0;-3H,O (Fe>Mn) 
Stewartite: 3RO- P.O; -4H,0(?) 


The minerals dickinsonite and fillowite, dimorphous minerals with 
the same formula, 3R,(PO,).-H,O, and fairfieldite, Ca,Mn(PO,), -2H,0, 
have also been described as being secondary after lithiophilite, but 
their composition shows that they were formed by processes more 
complex than hydration, and they will not be further discussed here. 

Of the simple hydration products there is little to be said concern- 
ing reddingite, phosphoferrite, and stewartite. Reddingite is known 
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Table 6. 
1). 2: 3. 4. 5. 6. 
BERS ere ah Ak 39.02 36.27 37.83 38.20 37.96 38.36 
BET hee, kn acs 0.16 — — — — — 
OLD oe ee a 7.48 13.50 8.73 6.75 8.10 4.56 
YN IE ee ae 40.87 34.82 41.80 42.04 41.15 42.29 
ON) op, le cr 1 yd ae} = — — 0.94 
SS ee — 0.35 — — — — 
LSS Se i trace — — — — — 
aN 2S ea _ 0.43 — — — — 
OR Met Pd, 10.4: ‘ 
HOS Cone. Ss oat 11.60 12.00 12.35 12.20 
| OLA, So et 9 a a en 0.89 0.06 0.30 0.50 0.35 1.76 


100.62 99.67 100.26 99.49 99.91 100.11 


1. Palaite, Pala, California. Jour. Washington Acad. Sci., 2, p. 145, 1912. 

2. Pseudopalaite, Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, p. 151, 1933. 
3. Hureaulite, La Vilate, France. Ann. Mines, 5, p. 5, 1854. 

4. » La Vilate, France. Ann. Mines, 5, p. 5, 1854. 

5. » La Vilate, France. Ann. Mines, 5, p. 5, 1854. 

6 » Branchville, Connecticut. Am. Jour. Sci., 39, p. 210, 1890. 


from a number of pegmatites in the northeast of the United States, 
and is often found replacing lithiophilite. Phosphoferrite has the same 
formula as reddingite, the two minerals being related in the same way 
as triphylite and lithiophilite. This feature is a result of their origin; 
phosphoferrite, known only from Hagendorf in Bavaria, occurs asso- 
elated with triphylite, whereas reddingite occurs associated with lithio- 
philite. 

Stewartite is known definitely only from Pala, California. It was 
described by ScHALLER in 1912 (20) as an alteration product of lithio- 
philite, and his description, together with some additional data, is 
given in the third Appendix (1915) to Dana’s »System of Mineralogy». 
Sufficient material in a pure state for analysis could not be obtained, 
but ScHaLLeR suggested the formula 3MnO-P,0;-4H,0. ScHALLER 
comments further re stewartite: »Probably the same as the unknown 
mineral A described by Lacrorx, Min. de la France, 4, p. 506, 1910.» 
A mineral described as »possibly stewartite» has been found in Nama- 
qualand, South Africa (47). 

Whereas reddingite, phosphoferrite, and stewartite appear to be 
distinct and self-standing minerals, I am not sure that the same is 
true regarding hureaulite, palaite, and pseudopalaite. A different 
formula has been ascribed to each, but Table 6 shows that the analyses 
upon which these formulas have been based deviate little from one 
another. 

Regarding pseudopalaite little can be said. The original descrip- 
tion (8) is the sole source of information and is deficient in that no 
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Table 7. 


Comparison of physical and optical properties of palaite, hureaulite, 
and pseudopalaite. 


1, 2. 3. 
System Monoclinic? Monoclinic Monoclinic 
TORE SRR aera gee 3.14—3.20 3.15—3.20 3.05 
eee intiar tee) GN) © lca oe oe 1.652 1.647 — 
SLU tents Went 21am, 3. eenre 1.656 1.654 _ 
Ta ae, Mee eer re 1.660 1.660 a 
OA so 0 capi cree Si ance MM Nearly 90° 74° —- 
SHPO Peel ry iy GRE te Cia — — ’ — 
Pleochroism Non-pleochroic Faintly pleochroic — 
Dis pOcelo nine me am maaan Weak Strong — 


1. Palaite, Pala, California. Appendix 3, Dana’s »System of Mineralogy», p. 57, 1915. 

2. Hureualite, Branchville, Connecticut. U. S. Geol. Surv. Bull., No. 679, pp. 88 and 
259, 1921. 

3. Pseudopalaite, Mangualde, Portugal. Com. Serv. Geol. Portugal, 19, p. 151, 1933. 


exact optical data are given. The mineral was apparently named from 
the analysis, on account of the similarities and differences it showed 
in comparison with the analysis of palaite. No comparison was made 
with hureaulite, the author apparently being unaware of its existence. 
From the original description I can see no feature which would en- 
able one to distinguish pseudopalaite from hureaulite. Unfortunately 
I have been unable to procure a specimen of pseudopalaite for exa- 
mination, so must leave this mineral in the same state that it was 
left by the original author. 

Palaite is known only from Pala, California. It was described by 
SCHALLER in 1912 (20), and this description, together with some addi- 
tional data, is given in the third Appendix (1915) to Dana’s »System 
of Mineralogy». The description is short but comprehensive. ScHat- 
LER wrote that palaite results from the alteration of lithiophilite and 
alters into hureaulite. A comparison of the properties of palaite and 
hureaulite (Tables 6 and 7) reveals no vital differences. Such dif- 
ferences as there are may well be due to the slight difference in 
chemical composition, rather than to any difference in structure 
between the two minerals. 

In this institute there are a number of specimens of iron-manganese 
phosphates from Pala. Powder photographs of many samples from 
these specimens were taken and compared. These powder photo- 
graphs showed the presence of the following phases: lithiophilite; 
salmonsite, a mineral described by SCHALLER as an alteration product 
of hureaulite; an undescribed black phosphate, the product of the 
complete alteration of salmonsite; and one other phase, which from 
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SCHALLER’s description might either be hureaulite or palaite. This 
fourth phase was remarkable for the different colours in which it oc- . 
curred — colourless, white, yellow white, salmon pink, and red brown. 
All these different modifications gave identical powder photographs. 
Unfortunately I had no powder photograph of an authentic specimen 
of hureaulite with which to compare the powder photographs of the 
fourth phase described above. ScHALLER mentions that both hureau- 
lite and palaite occur at Pala, so I am unable to decide whether my 
fourth phase was hureaulite or palaite or whether hureaulite and pa- 
laite are one and the same mineral. I strongly suspect that palaite 
and hureaulite are synonymic. An alteration product of lithiophilite 
from Hrajarvi (near Oriviisi) in Finland, agreeing with the description 
of hureaulite, gave a similar powder photograph to this fourth phase 
from Pala. ; 

To sum up: Hureaulite, pseudopalaite, and palaite are very similar 
in chemical composition and in physical properties. From what is 
known of them at present it is not possible to distinguish them with 
certainty. Until it has been proved beyond doubt that palaite and 
pseudopalaite are independent minerals, I suggest it would be wise 
to apply the oldest name, hureaulite, to any mineral answering to 
the description. 

Of the hydration products of lithiophilite and triphylite, two give 
rise to new minerals by oxidation and further hydration. One of these, 
salmonsite, Fe,O,;-9MnO-4P,0;-14H,O, was described from Pala by 
SCHALLER (20) as an alteration product of hureaulite. The other, 
landesite, 3Fe,0,-20MnO-8P,0;-27H,O was described by BERMAN 
and GonyER from Poland, Maine (37), as an alteration product of 
reddingite. Salmonsite and landesite have one feature in common 
with sicklerite and alluaudite, i.e., all the iron is oxidized to the tri- 
valent state, whereas all the manganese remains in the bivalent state. 

Specimens of salmonsite in this institute show that this mineral 
alters further into a black lustrous iron-manganese phosphate. No 
detailed examination was made of this black phosphate. It is a hyd- 
rated mineral in which the manganese as well as the iron has been 
oxidized beyond the bivalent state. 


Alteration products of natrophilite, varulite, 
and arrojadite. 
Natrophilite, varulite, and arrojadite are closely related and their 


alteration products will be dealt with together. Varulite is the only 
one of these primary minerals for which clear evidence of the alteration 
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process is available. In 1937 QuENSEL showed that varulite oxidises” 


thus: 
Varulite ——-> Mn-alluaudite > Na-purpurite 


Mn-alluaudite is a mineral analogous to Mn-sicklerite but with sodium 
replacing lithium. Na-pupurite is a mineral identical with the pur- 
purite derived from lithiophilite, the prefix Na-indicating that it is 
derived from the sodium mineral varulite, not the lithium mineral 
lithiophilite. 

Little is known of the alteration of arrojadite. Arrojadite is so clos- 
ely related to varulite that one is justified in assuming that oxidation 
results in the formation first of a Fe-alluaudite and then of a Na-he- 
terosite, just as triphylite oxidizes to Fe-sicklerite and then to hetero- 
site. GuimaRagEs’s description of the arrojadite from Brazil mentions 
the presence of alteration products along lines of fracture in the min- 
eral, without discussing the nature of these alteration products. 
HeappEN does not mention any alteration products of the arrojadite 
from South Dakota, but ZizEGLER writes that heterosite is found as a 
coating on exposed surfaces of this mineral. 

For our knowledge of the alteration of natrophilite we are dependent 
upon Brusx and Dana’s original description. As alteration products 
they describe an undetermined mineral with yellowish colour which 
is probably alluaudite, and also state that natrophilite seems to pass 
into hureaulite as readily as does lithiophilite. 

The alteration products — alluaudite, Na-purpurite and Na-hetero- 
site — will now be discussed in detail. 


Alluaudite. Alluaudite is the sodium analogue of sicklerite, 
in the same way as natrophilite is the sodium analogue of lithiophilite. 
Sicklerite is a lithium iron-manganese phosphate in which all the iron 
is in the trivalent state, and all the manganese in the bivalent state. 
Similarly alluaudite is a sodium iron-manganese phosphate in which 
all the iron is trivalent, and all the manganese bivalent. 

Alluaudite was described by Damour in 1848 (38), from a pegmatite 
near Chanteloube in central France. It is a good example of a rare 
mineral, discovered long since, which, owing to lack of new informa- 
tion, has been overlooked, or whose individuality as a mineral species 
has been questioned. Till 1937 the original occurrence of alluaudite 
remained the only one known. In the sixth edition of Dana’s »System» 
(1892) alluaudite was not given specific rank, but was classed under 
yalterations of triphylite and triplite». In 1910, Lacrorx, in the »Mi- 
neralogie de la France», discussed alluaudite, and added a number 
of details to Damour’s original description. He pointed out that, on 
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Figure 3. X-ray powder photographs of alluaudite and lemnisite, illustrating the 
identity of the two minerals. Cr-K radiation. 


1. Type alluaudite, Chanteloube, France. 
2. Type lemnisite, Lemnis, Finland. 


account of the sodium content, alluaudite could not be considered as 
an alteration product of triphylite or triplite, but was probably an 
alteration product of natrophilite. Lacrorx’s work seems to have 
been overlooked; DoELTER (35) says of alluaudite »identity doubt- 
fuly; Hintze (36) dismisses it as »probably only a partly altered tri- 
pliten. Ramponr (9, p. 601) notes alluaudite as an obsolete name for 
altered triplite. Alluaudite is not mentioned in the fourth edition 
(1932) of Forp-Dana »Textbook of Mineralogy», nor in Larsen and 
BERMAN »The microscopic determination of the nonopaque miner- 
als». 

In the last five years, however, ample evidence has come forward 
to show the individuality and specific rank of alluaudite. In 1937 
QUENSEL described a sodium iron-manganese phosphate from the 
Varutrisk pegmatite, which from the similarity of its general char- 
acters and field occurrence he identified with the alluaudite of Da- 
mour. In 1938 Bs6rLtInG and WeEsTGREN (39) confirmed by X-ray 
investigation that the alluaudite from Varutrask was an individual 
mineral. QUENSEL in 1940 (16) gave a new analysis of the Varutrask 
alluaudite and added further details. Mason in 1940 (40) gave a third 
locality for alluaudite — Sukula in Finland — and was able, by X- 
ray studies of material from the three known localities — Chanteloube, 
Varutrisk, and Sukula — to confirm that the alluaudite from the 
two new localities was structurally identical with the type alluaudite 
from Chanteloube. (A sample of Damour’s type alluaudite had been 
obtained from the Musée National d’Histoire Naturelle in Paris, thanks 
to the courtesy of Professor ORCEL.) 

Synonymic with alluaudite is the mineral lemniisite, described by 
PrexrMan in 1939 (41) from the pegmatite at Lemniis in the parish 
of Kimito in Finland. The analysis of lemnisite is included with those 
of alluaudite in Table 8, and the similarity in chemical composition 
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Table 8. 
Ls 2. 3. 4. 5. 
120 Re ert oh oer OR lees RC Ch aes os OK 40.70 40.94 42.76 41.25 42.52 
TI GY tc, 0 Baie a een a 19.83 12.76 1644 25.62 20.56 
Mn OMe esse Ne Sok TO, as — 040  I008 = 
TOM re a aes 2 = Sige ee — 
REO ath ees hed SE ya ss 28.17 27.87 26.24 23,08 20.66 
(oO a en Coe eer) Coe ee — 4.59 2.16 a 2.70 
INDORE aresrancmerst deur yer eee 1.19 0.53 0.00 _— 0.11 
Natt abate Ni drasa Be se en ote 7.20 8.84 6.94 5.47 8.19 
TOW eet. eased wees vi a 0.42 0.13 ‘oe 0.00 
Lt RCA oO roe sy 0.02 0.28 — 0.07 
13 OA ee A RP de ieee oe ater ees 0.66 1.48 1.60 0.96 
HOS Te OE Gh Seca knee ' o9¢ | 013° 066 » ~°O SR 
[DFIBO LMS Aegis, Sen ty Patios 94) 0 Pe nats 1.24 eS 0.54 —0.60 __1.06 
100.03 100.58 99.95 99.73 100.19 
(F = 0.80) (Al,0; = 1.08) 
Molecular Ratios. 
i is 2. 3. 4, 5. 
AO peat ec er ne eho ro es, eS 1.000 1.000 1.000 1.000 1.000 
PSO Oe NEY ae Ree eae red 0.433 0.277 0.342 0.577 0.430 
MTG) Des tata Gros oe ss ee 1.387 1.456 1.320 1.121 1.121 
(Siar, WOO) «: co Am aem apeteen co oo bet 0.508 0.842 0.536 0.304 0.619 
(FeO, includes Mn,0,; MnO includes FeO; (Na,, Ca)O includes K,0, Li,O and MgO.) 
LEA OP ge cS A OR CA sts 1s rs 1.000 1.000 1.000 1.000 1.000 
Qi a. on SN ree eee ane 3.195 3.130 2.883 3.155 3.030 
(RO = sum of basic oxides recalculated as bivalent.) 
1. Alluaudite, Varutraisk, Sweden. Geol. Féren. Forh., 59, p. 92, 1937. 
» (Lemnasite), Lemnis, Finland. Acta Acad. Aboensis, Math. et Physica, 
12, No. 6, 1939. 
3 » Varutrisk, Sweden. Geol. Féren. Férh., 62, p. 300, 1940. 
4, » Chanteloube, France. Ann. Mines., 13, p. 347, 1848. 
5. » Sukula, Finland. Geol. Féren. Férh., 62, p. 370, 1940. 


can be seen. Professor PEHRMAN kindly sent this institute a piece of 
his type lemnasite, for which I should like to express my grateful 
thanks. X-ray photographs of this type lemnisite proved to be identi- 
cal with powder photographs of alluaudite (Fig. 3). Alluaudite and 
lemnasite are thus identical in structure. The physical properties 
and mode of occurrence of lemnisite are also very similar to those 
of other occurrences of alluaudite. Since the name alluaudite has 
priority to the name lemnisite, the name lemnisite must be discarded. 
The pegmatite at Lemniis therefore becomes a fourth locality for allu- 
audite. 

Table 8 gives the previously published analyses of alluaudite. 

The first attempt to give alluaudite a formula was made by QUEN- 
SEL in 1937. He calculated the two analyses available at that time 
thus: enough Na,O was first deducted for H,O>105° and F, reckoned 
as Na(OH,F), and the remaining alkalies, together with Fe,0, (re- 


EE 


Bad 63. H. 2.) IRON-MANGANESE PHOSPHATE MINERALS. 159 


calculated as bivalent) were added to the bivalent oxides. This met- 
hod of calculation led to the formula 


BR,(PO,),-4Na(OH,F)! 


PEHRMAN calculated the formula of lemnisite in a similar manner 
and proposed as a formula 


3R,(PO,). - 2NaOH 


Although this method leads to plausible formulas, the assumptions 
underlying the calculations can be criticised. The primary and most 
dubious assumption is that H,O>105° is bound to sodium. There 
is no valid reason why this water should not be bound to any or all 
of the other bases present — Fe, Mn, or Ca (if present). It is just as 
probable that H,O>105° exists in the form of Fe(OH),, Mn(OH),, 
or Ca(OH), as that it exists as Na(OH). (The content of F in the first 
analysis of alluaudite from Varutrisk appears, in the light of newer 
analyses, not to be due to alluaudite, but probably to the presence of 
apatite as impurity. As QUENSEL points out in a recent paper (16) 
the first analysis of alluaudite from Varutrisk shows certain abnor- 
malities, and is probably not so reliable as later analyses. He decides, 
in the light of a new analysis, that the Na(OH) radical is not a neces- 
sary constituent of alluaudite and proposes the formula (Na,Mn’*, 
Fe**)PO,. x(H,Na),0 for this mineral.) In the discussion of hetero- 
site and purpurite the réle of H,O>105° in these alteration products 
was discussed, and the conclusion was reached that it is probably 
not constitutional, but bound by forces of adsorption. If this conclu- 
sion is right, then the importance of H,O>105° in calculations of the 
formula of alluaudite has been overestimated. 

A sounder basis for the calculation of the formula of alluaudite is 
probably the PO, content. By comparison of analyses it will be seen 
that the P.O; content remains practically constant throughout the 
oxidation series lithiophilite-triphylite —> sicklerite —> heterosite-pur- 
purite and varulite —> alluaudite —> purpurite. The analyses of allu- 
audite have therefore been calculated on the basis of P,O; = 1. The 
basic oxides are grouped under three heads: Fe,0,, plus Mn,.0O, if pres- 
ent; MnO, plus FeO if present; and Na,O, plus CaO and the small 
amounts of other univalent and bivalent oxides that are sometimes 
present. This grouping is the same as was followed in the calculation 
of the formula of varulite. The results are given in the second part 
of Table 8. 


1 This formula was erroneously written 5R,(PO,),:Na(OH,F) in the original pub- 
lication (12, p 92). 
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Considerations of valency predict that the ratio P,O;: RO (RO =the 
sum of basic oxides calculated as bivalent) should be 1:3. For this 
calculation the molecular proportion of Fe,0, must be multiplied by 
three. Table 8 shows that all the analyses agree with this condition. 
In no case is the deviation from the ideal ratio of 1:3 so great that 
it cannot be accounted for by experimental error of one sort or another. 
Therefore the formula of alluaudite may be written (Na, Mn?*, Fe**) 
PO,. This formula indicates that the essential bases in alluaudite are 
sodium, manganese, and iron, and that the manganese is present in 
the bivalent state and that the iron is present in the trivalent state. 
Calcium is not included in the formula, as it is not an essential ele- 
ment, but it is present when the alluaudite has been derived from 
varulite or arrojadite. The H,O>105° is not included in the formula, 
although it is always present, at least in small amount. The content 
of H,O>105° is, however, quite variable, and does not appear to be 
an essential feature of alluaudite. 

The formula of alluaudite may also be considered from the rela- 
tionship of alluaudite to its parent minerals, and to the products of its 
further oxidation. At Varutrisk it has been possible to establish that 
alluaudite is the product of oxidation of varulite. At Chanteloube 
the parent mineral of alluaudite is not known as yet. Lacrorx discussed 
the question at length and came to the conclusion that the alluaudite 
was probably the alteration product of natrophilite. This conclusion 
is supported by the discovery that varulite, a calcium-bearing natro- 
philite, gives rise by oxidation to a calcium-bearing alluaudite. 

Our knowledge of natrophilite is confined to the original descrip- 
tion of BrusH and Dana in 1890, no other localities for this mineral 
having been discovered. In their description of this mineral they 
write: »the surfaces (of the natrophilite) are often covered by a very 
thin scale of an undetermined mineral, having a fine fibrous form, 
a delicate yellowish color and silky lustre. This same mineral pene- 
trates the masses wherever there is a fracture surface of cleavage or 
otherwise. What the exact nature of this mineral is we are unable 
to say, since the amount is too small to admit of a satisfactory deter- 
mination — it appears to be a manganesian phosphate. It is evidently 
an alteration product and would seem to imply that natrophilite is 
rather subject to easy chemical change.» This description fits so per- 
fectly with what is known of alluaudite, both physical properties and 
genetic relationships, that I cannot but believe that Brusu and DANA, 
in the above quotation, were actually describing alluaudite. 
The alteration of natrophilite into alluaudite, and of alluaudite 
into purpurite, can be formulated thus: 


isd) G3. EH. 2.) TRON-MANGANESE PHOSPHATE MINERALS. 161 


Na,0-2(Mn,_,, Fe,)0°P,0, —~2, (1—x)fNa,0 -2Mn0-P,0,)- 
natrophilite x[Fe,0, - P,O,] + xNa,O 
alluaudite 
(I—x)O 
—» (Mn, Fe),0,-P,0,; + (1—x)Na,0 
purpurite 


This formulation suggests that the theoretical formula for alluaudite 
should be (1—x)[Na,0 -2MnO- P,O,]-x[{Fe,0,-P,0,]. This theoretical 
formula agrees with the formula derived from consideration of the 
analyses in so far as the ratio of bases to P.O; is 3:1 in both cases. 
However, the theoretical formula demands that the ratio MnO : Na,O 
in alluaudite should be 1 : 0.5 (in calcium-bearing alluaudites this ratio 
is MnO: (Na,,Ca)O). Calculation of this ratio for each of the five 
analyses gives 


z 2. 3. 4. b. 
Mawes. . 1.000 1006 1.000%" 1,000 1.000 
(Na, Ca)O . . 0.367 0.578 .0.405 0.271 0.552 


It can be seen that although the ratio varies considerably from analysis 
to analysis, the average approaches 1:0.5. In general the content 
of alkali is too low to satisfy the theoretical requirements. 


Na-purpurite and Na-heterosite. In his 1937 paper 
on the iron-manganese phosphates from Varutrisk QuUENSEL (12) 
showed that further oxidation of alluaudite would lead to the forma- 
tion of heterosite or purpurite, according to the relative amounts of 
manganese and iron present. To distinguish the heterosite and pur- 
purite formed by the oxidation of alluaudite from the heterosite and 
purpurite formed by the oxidation of sicklerite he suggested denoting 
them as Na-heterosite and Na-purpurite. 

Na-purpurite was found at Varutrisk associated with alluaudite 
and evidently formed by its oxidation. Bsdér~inc and WESTGREN 
(39) made an X-ray study of triphylite and varulite and their oxida- 
tion products. Concerning Na-purpurite they write: »Having theo- 
retically deduced a mineral, which he called Na-purpurite, QUENSEL 
has now obtained specimens from Varutrisk that evidently consist of 
this substance and thus represent the end product formed by the 
complete oxidation of varulite or Mn-alluaudite. Their X-ray powder 
photographs resemble neither those of varulite or Mn-alluaudite, nor 
those of purpurite. They contain a very large number of lines, proving 
that the structure of Na-purpurite is exceedingly complicated. When 
the manganese of Mn-alluaudite is oxidized its atomic grouping, be- 
cause of the largeness of the removed Na-atoms, evidently can last no 
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longer but changes into a new one.» QuENSEL (42) later referred to 
this phenomenon of purpurite and Na-purpurite having different 
structures as an example of heterogenetic polymorphy. 

During this investigation I took powder photographs of authentiil 
Na-purpurite occurring together with the alluaudite from central 
France. These photographs were identical with powder photographs 
of heterosite and purpurite derived from triphylite and lthiophilite. 
Powder photographs of authentic Na-purpurite from Varutrask were 
algo identical with powder photographs of the ordinary heterosite 
and purpurite. In no case could I reproduce the results obtained by 
BsérLtinc and WestGREN. Fortunately I was able to examine the 
original material and powder photographs used by Bs6ruine and 
WESTGREN, and was thus able to find the source of the discrepancy 
between their results and mine. Reexamination of their powder phot- 
ographs suggested that their Na-purpurite had been a mixture of 
alluaudite and Na-purpurite. Their powder photographs consisted of 
the strong lines of both phases. Artificial mixtures of alluaudite and 
purpurite were then made which gave the same powder photographs 
as those ascribed to Na-purpurite by Byér~inc and WeEstGREN. The 
source of the error is readily understood when it is realized that in 
intimate mixtures of alluaudite and purpurite the intense purple col- 
‘our of the purpurite will completely hide the presence of up to 50 % 
of alluaudite in the mixture. 

The paragraph quoted above from Bs6rLING and WESTGREN’s 
paper is thus erroneous and must be deleted, as also must the conclu- 
sions drawn by QuensEL (42) from their results. Na-purpurite and 
Na-heterosite differ in no way other than origin from purpurite and 
heterosite. They can only be distinguished from the purpurite and 
heterosite derived from iithiophilite and triphylite when their parent 
mineral, alluaudite, is also present. 


Alteration products of graftonite and 
mangualdite. 


The alteration of graftonite and mangualdite is more difficult to 
discuss than the alteration of the other alkali iron-manganese phos- 
phates, for two reasons. Firstly, in the other primary alkali iron- 
manganese phosphate minerals there is a definite ratio of one mole- 
cule of alkali to two molecules of (Mn,Fe)Q: oxidation of the (Mn,Fe)O° 
to (Mn,Fe).O,; results in the total removal of the one molecule of al- 
kali, as after oxidation the content of P.O, is only sufficient to combine 
with the (Mn,Fe),0;. In graftonite the molecular ratio of calcium to 
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Table 9. 
ae 2. 3. 4. 5. 6. ie 

1 (Okan he A oe al 41.20 40.80 39.65 31.60 32.50 31.94 34.86 
Bindi ioe 02 = 10.16 9.51 27.91 26.66 13.91 9.53 
_ CUE ee 30.65 24.28 26.09 3.09 0.36 os 0.13 
“UN ice eee 17.62 15.38 18.18 26.83 28.66 33.65 37.74 
Oe 9.23 7.25 3.86 2.82 2.68 1.39 1.06 
POV ee is ac 0.40 — 0.07 = — 3.07 — 
BRBRO ere -- 1.15 1.12 — : — -— 

0 a at, areca — 0.14 0.81 — -— — — 
HH, ene} 15.30 
H,Oo< 110° 0.75 1.17 —_ 9.16 9.12 13.60 0.43 
ora Oe ar — — 0.46(Al,0,) — 0.62 0.13 1.40 

100.18 100.33 99.89 101.41 100.60 100.38 100.45 
(Li,O = 0.33) (Cl = 0.14) (Mn,O; = 2.69) 
1. Graftonite, Grafton, New Hampshire. Am. Jour. Sci., 9, p. 23, 1900. 
2. » Grafton, New Hampshire. Am. Jour. Sci., 9, p. 23, 1900. 
3. » Cyrillhof, Moravia. Verh. K. K. Geol. Reichsanstalt, p. 337, 1900. 
4. Unnamed mineral (altered graftonite), Cyrillhof, Moravia. Verh. K. K. Geol. Reichs- 
anstalt, p. 340, 1900. 
5. Unnamed mineral (altered graftonite), Cyrillhof, Moravia. Verh. K. K. Geol. Reichs- 
anstalt, p. 339, 1900. 

6. Landesite, Poland, Maine. Am. Mineral., 15, p. 384, 1930. 
7. Salmonsite, Pala, California. Jour. Washington Acad. Sci., 2, p. 145, 1912. 


(Mn,F'e)O is variable and less than 1:2; hence the oxidation cannot 
take such a simple course as in the other alkali iron-manganese phos- 
phate minerals. Secondly, graftonite and mangualdite are very rare 
minerals, and practically nothing is known of their alteration. 

Mangualdite corresponds approximately to the formula CaO- 
-2(Mn,_,Fe,.)-P,0;. It might be predicted, therefore, that the course 
of oxidation in mangualdite, like that in triphylite, lthiophilite, and 
natrophilite, would be: 


Ca0-2(Mn, .Fe,)0-P,0, —*2, (1—x) [Ca0-2Mn0-P,0,]- 
mangualdite x [Fe,0, - P,0;] + xCaO 
eto + F,0,-) (1—x)Ca0 


purpurite 

Total oxidation of mangualdite along these lines would thus result 
in the formation of purpurite. The first stage of oxidation would result 
in the formation of a calcium iron-manganese phosphate in which all 
the iron is trivalent and all the manganese bivalent, analogous to 
sicklerite in the oxidation of lithiophilite and triphylite. This is quite 
speculative; nothing is known of alteration products of mangualdite. 

Turning now to graftonite, we have a few mineral analyses which 
give us a limited picture of its alteration. These analyses are collected 
in Table 9. The unaltered graftonite from Grafton, analysed by Pen- 
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field, is also included in order to show the change in composition ac- 
companying the alteration. 

Graftonite is apparently more resistant to oxidation than triphylite, 
as in specimens in which the graftonite is interlaminated with triphy- 
lite the triphylite laminations are often more or less changed to he- 
terosite, whereas the graftonite is unaffected. This is strikingly shown 
in specimens from North Groton, New Hampshire, and a specimen 
showing this feature very well is figured by BERMAN (2). 

When the two analyses of graftonite from Grafton are compared, 
their similarity shows that one is the altered counterpart of the other. 
The P,O,; content and the Fe: Mn ratio are practically the same in 
both analyses. The differences lie in the partial oxidation of FeO to 
Fe,O, and the reduction of the CaO content from 9.23 to 7.25 percent. 
This reduction in the CaO content with the oxidation of FeO is to be 
expected from analogy with lithiophilite and triphylite. The oxida- 
tion of the graftonite from Grafton has not been accompanied by 
any considerable amount of hydration, the amount of water present, 
1.17 %, being small. This altered graftonite analysed by Forp is 
very similar in composition to the mineral from Cyrillhof in Moravia 
analysed by JoHn in 1900. Apart from the lower content of CaO and 
the slightly higher content of FeO and MnO, the analyses are practic- 
ally identical. It may be noted that these analyses of altered graft- 
onite show about the same amount of oxidation as do the analyses of 
varulite. 

At Cyrillhof other phosphates have been found, which, from their 
mode of occurrence and their chemical composition, appear to be 
alteration products of the graftonite found there. I refer to the min- 
erals represented by analyses 4 and 5 in Table 9. Joun described 
the mineral of analysis 4 as having a glassy fracture and a resinous 
lustre, and being nearly black in colour; the mineral of analysis 5 was 
a little different in external appearance — it had a dark brown black 
colour, without the resinous lustre, and with a fracture more earthy 
than glassy (5). In chemical composition, however, the two are prac- 
tically identical. The most noteworthy feature of these two alteration 
products is that the iron is oxidized almost completely to the trivalent 
state, whereas the bivalent manganese is still unaffected. The calcium 
content has decreased somewhat. Both analyses show a rather high 
content of water, 9.12 and 9.16 percent. If it were not for this high 
content of water these two analyses would represent the corresponding 
mineral in the oxidation of graftonite, to sicklerite in the oxidation 
of lithiophilite and triphylite. Analogous minerals among the altera- 
tion products of lithiophilite are, however, landesite and salmonsite; 
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he analyses of these minerals are included as analyses 6 and 7 in Table 
) to indicate the similarity. A cursory examination shows that in 
omposition the phosphates from Cyrillhof are similar to landesite and 
almonsite; the differences are mainly in the ratios of Fe to: Mn, and 
he water content. The paragenesis is different; the phosphates from 
Jyrillhof are apparently the alteration products of graftonite, whereas 
andesite is derived from reddingite, and salmonsite from hureaulite. 

JoHN, who described these phosphatés from Cyrillhof, refrained 
rom naming them; he thought they were probably mixtures of water 
ontaining phosphates for which no certain chemical formula could 
ye given. His two analyses, however, show that the composition is 
elatively constant. He seems to have reached the conclusion that 
hey were mixtures on account of the lack of relationship between 
%,0; and RO, not realizing that the ratio R,O,: RO depends on the 
ompletely variable ratio FeO : MnO in the primary mineral. 

The similarity of the two analyses of the hydrated phosphates from 
Jyrillhof, together with the presence of iron almost completely in the 
rivalent state, with the manganese bivalent, indicates the possibility 
yf their representing a self-standing mineral. Their analogy with the 
iydrated iron-manganese phosphates landesite and salmonsite cannot 
ye denied. I must content myself with pointing out these analogies, 
vithout attempting to go further into the problem of defining the 
ature of these phosphates from Cyrillhof. That must wait until the 
riginal material of John is reinvestigated, or until more material of 
his type from Cyrillhof becomes available. 


The oxidation of iron-manganese minerals in 
he light of the theory of oxidationreduction 
potentials. 


The most marked feature of the oxidation of the iron-manganese 
yhosphates is that it is a two-stage process. The iron is completely 
xidized from the bivalent to the trivalent state, before the bivalent 
manganese is affected. Not only that, but there also seems to be a 
lefinite halt in the oxidation process at a point where all the iron has 
een oxidized to the trivalent state, and all the manganese is still in 
he bivalent state. Hence the existence of such minerals as sicklerite, 
lluaudite, salmonsite, and landesite, all of which are characterised 
yy trivalent iron and bivalent manganese. This feature raises the 
juestion: why should all the iron oxidize before the manganese, and 
hy should there be a definite break in the gacaben Poo when all 

e iron has been oxidized? 
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This question may be answered by a consideration of the physico- 
chemical theory of oxidation-reduction processes. The direction and 
intensity of an oxidation-reduction process depend upon the oxida- 
tion-reduction potentials of the different reactions involved in the 
process. The oxidation-reduction potential of a reaction is a relative 
figure, referred to that of a standard reaction to which is arbitrarily 
assigned zero reducing and zero oxidizing power. The standard reac- 
tion is that of the system hydrogen gas at one atmosphere pressure 
in contact with hydrogen ions at unit concentration (or, more correctly, 
unit activity, activity being a function of concentration). The standard 
reaction can be represented thus: 

Hy So eee 

The intensity and direction of any reaction involving oxidation and 
reduction may be compared to the intensity and direction of the stand- 
ard reaction by a figure, which is the oxidation-reduction potential 
of that reaction. Thus a table may be drawn up, comparing the in- 
tensity and direction of different oxidation-reduction reactions. In 
this table, a positive value of an oxidation-reduction potential means 
that the system involved is a better oxidizing system than the stand- 
ard system. A negative value of the oxidation-reduction potential 
means that the system involved is a poorer oxidizing system (a better 
reducing system) than the standard system. The following list gives 
a few of the many possible oxidation-reduction systems, arranged im 
order of their oxidation-reduction potentials: 


Reduced form Oxidized form Potential (in volts) 

Zn Zn** — 0.76 
Fe Fe?t — 0.44 
Sn Sn?*+ —0.14 
Pb Ph — 0.13 
Lite hes — 0.04 
Hi, 2Ht 0.00 
Sn?* Sas 0.2 . 
Cu Cure 0.34 é 
Fe?*+ Fe®* 0.76 , 
2Hg He: 0.80 ; 
Ag Ag** 0.81 
Ce** Ce** 1.45 
Au Aut Lb 
Co?* Co"t 1.79 


1 Most of these figures are taken from LANDOLT-BORNSTEIN, »Physikalisch-Chemise 


Tabelleny, Aufl. 5 (1931), vol. 2, part. 2, pp. 941—942, wh idation-r i 
potentials of many other reactions are ised. Re Ne 
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Any one of these systems is an oxidizer in regard to those systems 
tbove it in the list, and a reducer in regard to those systems below it 
n the list. The reduced form of any pair in the list will reduce the 
xidized form of any pair which is below it, provided that the substan- 
es involved are at unit concentration. For example, any positive ion 
s reduced to the metallic form by taking up electrons from a metal 
vhich is higher in the list. Thus, when the solutions are at unit con- 
entration, iron reduces copper ions to copper, stannous ions reduce 
erric ions to ferrous ions, ceric ions to cerous ions, and so forth. The 
xtent of the reduction can be calculated quantitatively. 

The oxidation of the iron-manganese phosphates involves two se- 
arate reactions: 


ig ec ceed OE el a a 
ree Mn ee a (2) 


The oxidation-reduction potential of the first reaction is 0.76; the 
yxidation-reduction potential of the second reaction has not been 
neasured, but the chemical properties of manganous and manganic 
ons indicate that it considerably higher, probably above 1. On account 
yf the lower potential of the first reaction it is not possible for manganic 
ons to exist in the presence of ferrous ions, for then the ferrous ions 
vould inevitably reduce the manganic ions to manganous ions, and 
hhemselves be oxidized to ferric ions. Therefore, since manganic ions 
annot exist in the presence of ferrous ions, it follows that in an iron- 
nanganese compound, all the iron must be oxidized to the ferric state, 
yefore it is possible for the manganese to be oxidized to the manganic 
tate. A further conclusion may be reached: the intensity of the oxi- 
lation process may be sufficient only to cause reaction 1 to proceed. 
rom left to right without being great enough to cause reaction 2 to 
yroceed from left to right. Under such conditions the oxidation of 
ithiophilite, for example, could only proceed as far as sicklerite. Pur- 
yurite could not be formed from the sicklerite because the intensity of 
he oxidation process would not be sufficient to convert manganous 
ons into manganic ions. In nature, however, the intensity of the oxi- 
lation process seems, in most places to have been sufficient to oxi- 
lize the manganese as well as the iron. 

The concept of oxidation-reduction potentials is capable of wide 
pplication in the study of the paragenesis of minerals. The same 
lement may occur in different stages of oxidation in the earth’s crust, 
nd the conditions of stability of these different stages of oxidation 
re governed by oxidation-reduction potentials. Iron is the commonest 
lement which occurs in different states of oxidation. By considera- 
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tion of a table of oxidation-reduction potentials it is possible to dra 
up tables giving the ions which can or cannot exist in the presence of 
either ferrous or ferric ions. The list of oxidation-reduction potentials 
given in this paper also provides a ready explanation of the occurrence 
or non-occurrence of a metal in the native form. Zinc, at the top of 
the above list, is not found native (many other elements — Mn, Ca, 
Mg, Li, Na, K, Be, and others — have higher negative potentials than 
zinc, and are also not found native.) Iron, tin, lead, further down on 
the list, occur native but rarely, and under rather special conditions. 
Copper, silver, mercury, still further down on the list, are often found 
in the native state; and gold, except for a few tellurides, occurs en- 
tirely as native metal, on account of its high positive potential. These 
few examples give some indication of the value of oxidation-reduction 
‘ potentials in a study of mineral paragenesis. 


Summary. 


The primary iron-manganese phosphate minerals triphylite, lithio- 
philite, natrophilite, graftonite, mangualdite, arrojadite, and varulite, 
and the minerals formed by their alteration, have been studied. Comp- 
lete tables of analyses (including some previously unpublished analyses) 
are given for most ofthese minerals, and the formulas of some of them 
are altered. The following formulas are suggested: varulite and arro- 
jadite, (Na,,Ca)O-2(Mn, Fe)O-P,0,;; sicklerite, (Li, Mn?*, Fe**)PO,; 
alluaudite, (Na, Mn’*, Fe’*+)PO,;  heterosite and purpurite, (Fe**, 
Mn**)PO,. Figure 4 is a paragenetic table showing the derivation 
of the secondary minerals from the primary minerals. Graftonite and 
mangualdite are not included in this table, as very little is known of 
their alteration products. - 

This survey has shown that the following names are synonymic and 
must be rejected: soda-triphylite and headdenite (synonymous with 
arrojadite); lemnisite (synonymous with alluaudite); pseudoheterosite 
(synonymous with sicklerite); neopurpurite, pseudotriplite, and me 
lanchlor (synonymous with heterosite). Palaite and pseudopalaite 
are probably synonymous with hureaulite. SrRunz has recently shown 
that repossite is synonymous with graftonite, : 

A number of new localities are recorded for different minerals of 
this group; Tintic as a locality for sicklerite is shown to be an error. 
This information is included in Table 10. This table is an attempt 
to summarise the available information concerning the distribution 0 
the minerals discussed in this paper. The minerals from some localiti 
have been dealt. with in more than one paper. For such localities th 
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Table 10. 


IRON-MANGANESE PHOSPHATE MINERALS. 


"he distribution of the iron-manganese phosphate minerals. 
triplite and triploidite are given only if other of the listed minerals 
occur at the same locality. 
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Localities for 


EK. Manitoba 
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and, Maine . 
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u, Maine . 

neham, Maine 
rway, Maine . . 
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‘th Groton, N. H. | 
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‘wich, Mass. 
mehville, Conn. . 
ldletown, Conn. . 
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ck Hills, 8 . Dak. 


a, Calif. 
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ra Branca, Brazil .| 


via. . 

doba, Argentina 
utrisk, Sweden . 
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nmela, Finland . 
jairvi, Finland 
onis, Finland 
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| Varulite, Arrojadite | Natrophilite Lithiophilite 
(Soda-triphylite) Na,O « 2RO + P.O; Triphylite 


(Headdenite) 
(Na,, Ca)O - 2RO- P.O; 


| 
| 
Pe og 


Li,O - 2RO - P.O, 


Hureaulite | Stewartite Reddingite 
_ _ (Palaite) 3RO - P.O, - Phosphoferri 
Zp | (Pseudopalaite) - 4H..07 3RO - P.O, - 31 
a $$ —__—___——_ od —— 

vA | 

vA bee, wan 

| Alluaudite Sicklerite  ~—-«|_-—« Salmonsite Landesite 
(Lemndsite) | | (Pseudoheterosite) | Fe,0, - 9MnO - 3Fe,0, - 20Mr 
(Na, Mn?*+, Fe®*) PO, | | (Li, Mn?*, Fe*+)PO, | -4P,0, + 14H,0 | - 8P,0, - 27H 


ee 


| Purpurite, Heterosite | 
| (Neopurpurite) | 
| (Pseudotriplite) 
) 
| 


| 
(Melanchlor) | 
BO. E.0ser | 


Figure 4. Paragenetic table showing the derivation of the secondary iron-manganese 
phosphate minerals from the primary minerals varulite, arrojadite, natrophilite, lithio- 
philite, and triphylite. Names in italics are synonymic. (R = Fe, Mn) 


reference given is to the paper containing the most information. This 
list of localities may be looked upon as a list of pegmatites which con- 
tain a phosphate phase, as all these minerals are pegmatitic. 

The oxidation of the iron-manganese phosphate minerals is shown 
to be governed by the ferrous-ferric and manganous-manganic oxida- 
tion-reduction potentials. The oxidation-reduction potential of the 
reaction Fe?+ ~~ Fe** is much lower than the oxidation-reduction 
potential of the reaction Mn** ~~ Mn**; hence when a mineral con- 
taining both bivalent iron and manganese is oxidized, the iron is 
completely converted into the trivalent state before the bivalent 
manganese is affected. Minerals are thus obtained containing bivalent 
manganese and trivalent iron. The further application of the theory 


of oxidation-reduction potentials to the study of mineral paragenesis 
is suggested. 
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Addendum. 


In this paper I have referred at length to the minerals mangualdite, 
neopurpurite, and pseudopalaite, described from the lithium pegmatites 
in the neighbourhood of Mangualde in Portugal. I was unable to dis- 
cuss them as fully as was desirable, as I had no specimens. On April I, 
when this paper was already in print, I received samples of these 
minerals from Professor de Jesus, who described them. I had written 
to ask for specimens in November 1940, but war-time disorganisation 
delayed their receipt. I should like to express my thanks to Professor 
de Jesus for his courtesy in sending me these rare minerals, thus en- 
abling me to add the following note, thereby making this paper more 
complete than it would otherwise have been. 


Mangualdite: X-ray and optical investigations show that man- 
gualdite is quite distinct from graftonite. These investigations indicate 
that the fluorine content in mangualdite (1.05 %), previously neglected 
in calculating a formula, is an essential constituent in this mineral. 
On account of this essential fluorine content mangualdite should not 
be included in the group of minerals described in this paper, and the 
speculations in regard to mangualdite on pp. 123—124 and p. 163 are 
therefore invalid. The preliminary investigations so far carried outindi- 
cate that mangualdite has the structure of a mangan-apatite, and should 
therefore be classed with the apatite group of minerals. I hope to carry 
out further, more detailed investigations on mangualdite, and to 
publish the results in a future paper. 
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Neopurpurite: X-ray powder photographs of neopurpurite are ident- 
ical with powder photographs of heterosite from Varutriisk and 
Southwest Africa, thus confirming the synonymity of the mineral names 
neopurpurite and heterosite. The name neopurpurite must be rejected. 


Pseudopalaite: On p. 168 I expressed the opinion that palaite and 
pseudopalaite were probably synonymous with hureaulite. This opi- 
nion is confirmed in so far that X-ray powder photographs of pseudo- 
palaite are identical with powder photographs of palaite from Pala, 
obtained from the United States National Museum. Schaller (20) does 
not discuss the relationship between hureaulite and palaite, beyond 
stating that palaite alters into hureaulite. Unfortunately I have had 
no specimens of the type hureaulite from central France with which 
to compare palaite and pseudopalaite. The chemical composition and 
physical properties of hureaulite, palaite, and pseudopalaite, given on 
pp. 153-154, are closely similar, and do not justify a division into three 
different mineral species. In my own mind I am convinced that these 
three minerals are identical one with the other, and should all be in- 
cluded under the name hureaulite. 


Mineralogical Dept., University of Stockholm, April 10, 1941. 
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Minerals of the Varutriisk Pegmatite. 


XXIV. A new find of Manganotantalite. 
By 
Percy QUENSEL. 


With analysis by THeLMa BERGGREN. 


(M. S. received March 21st, 1941.) 


In publication No XI of this series by P. QueNseL and Tu. Brre- 
GREN, dealing with the minerals of the niobate—tantalate group, a 
description was given of the new species stibiomicrolite. The material 
then at our disposal was restricted to two small specimens. New and 
rich finds of this mineral in 1939—1940 led to a renewed chemical 
study; recently published by THELMA BERGGREN as No XXII of the 
series »Minerals of the Varutrisk Pegmatite». The description of man- 
ganotantalite im our same publication was also hardly satisfactory or 
conclusive, as only a single analysis of material, collected by O. Bacx- 
STROM at an early date of mining operations (1935), was at our dispo- 
sal, but no specimen of the mineral was at hand. It seems as if only 
one single specimen had been found, and that all material had been 
used for chemical work. We could therefore only reproduce the ana- 
lysis without any further comments as to the occurrence or aspect of 
the mineral in general. In 1940 a new specimen of this, at Varutrisk 
evidently very rare, mineral was found. As its mode of occurrence 
now could be observed and as its chemical composition shows features 
of interest, a further description of the mineral may be appropriate. 

In the eastern quarry of the pegmatite the workmen were in August 
1940 engaged in breaking up large masses of spodumene, which had 
been mined during the past year. When breaking up one such block, 
consisting of spodumene in normal development, and as usual richly 
intermingled with quartz, a single specimen of a mineral was found, 
which in its general appearance in several respects seemed to differ 
from similar minerals at Varutrisk. It was subsequently found to 


be a manganotantalite with the exceptionally low content of 0.20 % 
FeO. 
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The manganotantalite occurred in the form of a nodule, about 
3"/, X 2 cm, in a specimen of spodumene with quartz and on one side 
some albite. 

Only vague crystallographic outlines are to be seen, distinct clea- 
vages after (100) and less perfect after (010) are, however, observable. 
Indications of an angle of about 51° against (100) may indicate (111), 
otherwise no faces are developed. The mineral has a brillant subme- 
tallic luster, its colour is brownish black, in thinnest edges reddish 
brown and then translucent. The streak is yellowish, exceptionally 
hight for the species. 

In thin section the mineral is of a mustard-yellow colour. In one 
section a well developed twin after e (021), in Dana’s orientation, 
was observed. 

The new analysis on very pure material is given below under II. 
No I is the earlier analysis on material of 1935. No III is a closely 
related analysis of manganotantalite from Branchville. 


1 TE. Mol. prop. its 

IPHONES rece eee Nee 9.81 0.20 0.0028 | 2977 0.43 
1a See aes eae 10.79 15.95 0.2249 ~~ 15.58 
28 Le ae eles elena 0.00 0.00 0.37 
IMeONS Ss. dasths bp ws ee 0.00 0.31 0.0077 — 
iT 0 ho See eee — 0.24. 0.0059 —- 
1 sel artisan aa — trace — 
DiC eee es cen eed 1.14 - ; a 
hb Paes gee ee 0.00 0.19 0.0013 — 
D1 et int arta sie 0.73 0.12 0.0015 — 
IUDs Heh we 3.00 25.68 0.0962 > 2276 30.16 
SS ee ee 74.00 56.86 0.1286 52.29 
ERG ee — 0.17 0.0094 — 
1a AG) uae Re — 0.21 —- 
99.47 99.93 98.83 

Beier. s hk Yee 6.349 6.59 


I. Manganotantalite, Varutrisk. TH. BERGGREN anal. 1938. 
_. Il. Manganotantalite, Varutriisk. Tu. BERGGREN anal. 1940. 
Ill. .Tantalite, Branchville. Am. Journ. of Sc. 19, 1880, p. 131. 


Leaving out of consideration the small contents of MgO and Na,O, 
the analysis shows a singularly good coincidence in respect to the 
molecular proportions. The ratio for MnO, 0.2249, corresponds almost 
exactly to the combined ratios for Ta,O; and Nb,O;, 0.2248. The ratio 
for MnO and FeO, 0.2277 is also equivalent to the combined ratio of 
Ta,0, Nb,O, TiO, and SnO,, 0.2276, as shown below. 


Mol. prop. Mol. prop. 
Dk i ia Pe vee 0.2248 MnO 0.2249 
Tid, 11 2 010018 0.0028 += FeO (0.0088 
SIO hss gece ag 0.0013 


0.2276 0.2277 
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In connection with the publication of the former analysis of manga- 
notantalite from Varutriisk, we reproduced for comparison two closely — 
related analyses, referring to specimens from Ut6 and Sanarka. Both 
were chosen as being manganese tantalites with exceptionally high — 
content of MnO. The tantalites do not in general show high contents 
of MnO, in the columbites it is more common. With regard to the 
use of the names manganocolumbite and manganotantalite we said — 
in our former publication that in the case of the tantalites the ratio — 
MnO:FeO>1 would amply justify the name manganotantalite 
whereas it seemed opportune to restrict the name manganocolumbite 
to such species where the ratio MnO: FeO is over 2. 

The two analyses cited in our former publication were already ex- 
treme in their high content of MnO. The new analysis here published 
is, however, still more extreme in this respect. In fact, of all published 
analyses of tantalites, it seemes that only two can compete in respect 
to so low a content of FeO. The one is a partial analysis by W. T. 
ScHALLER of a manganotantalite from Mt Apatite, Maine with 0.16 % 
FeO against 14.49 % MnO (calculated by diff.). The other is an old 
analysis of tantalite from Branchville, reproduced in the table above 
for comparison. This analysis was not cited in our last publication 
as the proportions between Nb,O; and Ta.O; differed so essentially 
from the then published analysis of manganotantalite from Varutrisk. 
This difference does not apply to the new analysis, which is more in- 
termediate in this respect. In reality the analyses from Varutrisk 
and from Branchville are very closely related, not only in respect to 
the practical absence of FeO, but also in respect to the proportions 
of Nb,O; and Ta,0;. The latter is, however, of secondary importance, 
as it is well known that, even in the same locality, the proportions 
between Nb and Ta can vary nearly indefinitely. The low content of 
FeO in both analyses is on the other hand a feature of more interest 
as only the manganotantalite from Mt Apatite can compete in this 
respect. 

In the table below the 5 analyses on record with lowest FeO con- 
tent are given. 

FeO MnO Nb,0O, Ta,O, Sp. rg. 


Mt Apatite ..... 0.16 14.49 85.35 7.14 
Varutrask Se eee 0.20 15.95 25.68 56.86 6.349 
‘Branchville’. 50.05 . 0.43 15.58 30.16 52.29 6.59 
Sanarka Sgr ion akc Lary 13.83 4.47 79.81 7.301 
WOEkaiey) A 56a 6 6 « 1.63 14.15 15.11~* 68:65. “7.08 


The three first analyses, from Mt Apatite, Varutrisk and Branch- 
ville, denote the most extreme manganotantalites, with FeO under 
Am. Journ. of Se. 24, 1907, p. 154. 
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0.5 %. It is of interest to note that all three refer to manganotantalites 
from wellknown Li-pegmatites, though distributed over three conti- 
nents. 

The two analyses of manganotantalite from Varutrisk show, how- 
ever, that, even within the same occurrence, variations occur within 
wide limits in respect to the ratio FeO: MnO. The first analysis gave 
9.81 % FeO, the second 0.20 %. The exact occurrence of the first 
analysed specimen is, however, not known. In 1935, when it was found, 
no mining had been begun in the eastern quarry, so it has evidently 
originated from the western part of the pegmatite. The new find of 
1940 was in the eastern quarry, and the specimen is the only mineral 
of the niobate—tantalite group as yet found in this part of the peg- 
matite. The two tantalite specimens evidently occur in a different 
association and may belong to different epochs of mineralisation. 
Hence their differences in composition. 
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C. OSKAR NORELIUVS 
in memoriam. 


Den 26 febr. 1941 avled i Stockholm en av Geologiska Forening- 
ens aldsta ledamiter, f. d. bergmistaren Carl Oskar Norelius, 1 sitt 
Attionde Ar. Han invaldes redan ar 1886. 


Norelius var fédd i Torps férsamling pa Orust den 28 sept. 1861, 
son till folkskollararen Anders Norelius. Efter mogenhetsexamen 
i Géteborg 1882 och bergsingenjérsexamen vid Tekniska hégsko- 
lan i Stockholm 1885 var han 1886—87 Jernkontorets stipendiat. 
Samtidigt med att han 1885—87 tjainstgjorde som kartritare at 
fil. dr Birger Santesson — denne torde da ha arbetat pa fardig- 
stillandet av sina »Geognostiska kartor och beskrifningar éfver de 
viktigare grufvefalten» inom norra delen av Orebro lin (S. G. U., 
Ser. Bb, No. 4, 1889) — studerade Norelius mikroskopisk petrogra- 
fi for A. E. Térnebohm och kompletterade dairpa ar 1888 sin bergs- 
ingenjorsexamen for att kunna komma in vid bergsstaten. S. a. in- 
skrevs han som auskultant i Kommerskollegium, dar han huvud- 
sakligen arbetade pa Gruvkartekontoret. 1888—90 var han assistent 
i teoretisk mekanik vid Tekniska hégskolan, men lamnade sedan 
Stockholm och tjanstgjorde 1890—93 som lirare i bergsmekanik 
och gruvmitning vid Filipstads bergsskola samt 1892—94 som 1]a- 
rare 1 mineralogi, geologi och gruvbrytning vid Falu bergsskola. 
1893 hade Norelius erhallit forordnande sAasom gruvingenjér i Gav- 
le-Dala bergmistaredistrikt, men redan 1894 fick han pa egen be- 
garan transport till Mellersta bergmistardistriktet, dar hans bo- 
stad blev 1 Kopparberg. I samma distrikt blev han 1902 bergmiis- 
tare och flyttade da till bergmistarebostillet Knutsberg vid Nora, 
vilket han limnade forst efter sitt avskedstagande Ar 1927. 

Under sin gruvingenjirstid utférde Norelius ett stort antal gruv- 
matningar och flera magnetiska undersékningar vid jarnmalms- 
tyndigheter, varjiimte han deltog i en del geologiska arbeten. 

Under sin ett helt kvarts sekel langa tid som bergmistare styrde 
han sitt distrikt med nit, skicklighet och ovald. Han agde stora 
teoretiska och praktiska kunskaper i gruvhanteringen, och hans in- 
satser for svensk bergshanterings framjande voro betydande. Hans 


beredvillighet att bist& med rad och dad och hans rattframma va-" 


sen och gedigna personlighet gjorde honom uppskattad i alla kret- 
sar, och vid sin avgang fran bergmiastaredimbetet hyllades han liv- 
ligt och varmt. Han blev den siste bergmiistaren i Mellersta di- 
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triktet. Efter hans avskedstagande andrades distriktsindelningen, 
a att som bekant nagot »mellersta» bergmiistaredistrikt ej langre 
xisterar. 

Utom tjinsten anlitades Norelius av det allminna fér manga 
lika uppdrag. Salunda var han sakkunnig for forslag till ny 
tuvlagstiftning 1906—07, ordférande i niimnden for bestimman- 
le av avgiild for kronans jordigareandel i gruva 1907—34, ad- 
ungerad ledamot av kommittén fir omorganisation av Kommers- 
‘ollegium 1908—12, ledamot av malmkommissionen 1913—24 och 
rdférande bland gruvarbetstidssakkunniga 1919—22. 

Under sin tid i Bergslagen var Norelius dessutom landstingsman 
Orebro lin och ledamot av en rad kommunala nimnder och sty- 
elser, varjiimte han tillhérde ledningen fdr flera enskilda bolag. 
‘alunda var han 1906—16 ledamot av styrelsen fir A.-B. Ofotens 
nalmfalt och 1918—25 ordférande i styrelsen fdr A.-B. Vaster- 
rétlands férenade kalkindustrier. Som konsulterande ingenjér anli- 
ades han vid ett avsevart antal gruvfalt. Bl. a. hade han fértro- . 
ndeuppdraget att planligga gruvarbetena vid Gringesberg och 
dkerberget pa 1890-talet och tiden narmast darefter. Omkring 
910 planlade och ledde Norelius anlaggningarna vid Ofotens malm- 
alt 1 Norge, och under flera ar var han teknisk ledare av bryt- 
ingen i Stillbergs, Basttjiarns, Svartviks, Pershytte m. fl. gruvfalt. 

Efter sin avgang fran bergmistareimbetet bosatte sig Norelius 1 
Stockholm (Appelviken). Han var livligt bergshistoriskt intresse- 
ad, vilket kanske kan sagas ha kommit till uttryck redan genom 
ans publikation: »Aldre férfattningar roérande grufvors utmal», 
ryckt i Filipstad 1910, och har i Stockholm fick han nu tillfalle 
tt i lugn och ro igna sig at flitiga studier i Bergskollegiarkivet 
a Riksarkivet. Hans arbete resulterade i det pa initiativ och be- 
‘ostnad av Lekebergs bergslags malmoreskassa tillkomna, i huvud- 
ak bergshistoriska arbetet »Lekebergslagen i Orebro lan», tryckt 
Filipstad 1935 (ett geologiskt avsnitt har Nils H. Magnusson till 
6rfattare, och berggrundskartan Ar upprittad av Sture Lander- 
yren). 

Norelius fortsatte sedan med ett lkartat arbete rérande Ler- 
yicks bergslag. Det blev honom emellertid ej férunnat att se aven 
etta fullbordat, men vi samlas kring den férhoppningen, att nagon 
mnan intresserad och kompetent kraft skall bringa det till av- 
lutning. 

Ar 1893 ingick Norelius i Stockholm aktenskap med Henriette 
‘ahlstedt (f. 1867), vilken avled 1940. 


Nils Zenzén. 


}13—410060. G. F. F. 1941. 
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Notis. 


Vanadinhalten i svenska oljeskiffrar och vanadinets 
forekomstsatt. 


AV 


G. ASSARSSON. 
(MS. inkommet #/, 1941 


Vid undersékning av borrkirnor av svenska alunskiffrar fran Narke, Kinn 
kulle och Ostergétland har en del systematiska férsék nyligen gjorts vid 
Sveriges geologiska undersdkning for att bestaimma dels halten av vanadin, 
molybden och volfram, dels ocksa siittet for dessa metallers férekomst. 

Tidigare bestamningar finnas sirskilt 4 vanadin, men egentliga profilpro 
ha ej kunnat undersékas. Profiler visa emellertid en ganska varierande h 
av ifragavarande metaller. Pa de nu undersékta prov, som representera skikt 
pa omkring 1 m ha halter funnits liggande for V mellan 0.02 och 0.20 %, for 
Mo mellan 0.008 och 0.03, for W fran ej pavisbart till nagon hundradels pro- 
cent, allt riknat som metall pa naturskiffer. ; 

Det bér anmiarkas, att de nimnda metallerna visat sig ej flja skifferns halt 
av organiska imnen. Prov, rikt pa organiskt material, skulle halla mera av 
dessa metaller in prov fattigt pa organiska amnen enligt tidigare uppfatt- 
ning. Sa ar emellertid ej forhallandet. Detta jaimte direkta férsék att 
stamma metallernas bindningssatt ha givit vid handen, att V och Mo, kans 
ocksa W, maste vara bundna vid svavel i skiffern. Nagon anledning a 
antaga, sisom tidigare gjorts, att metallerna, sirskilt V, skulle vara bundna 
vid organiska imnen, finnes pitagligen icke. Utférligare redogérelse sk 
lamnas 1 samband med slutlig redogérelse for analysresultaten. 
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Anmiilanden och kritiker. 


ScHarrer, Fr X., Univ.-Prof. Dr.: Lehrbuch der Geologie. I Teil: 
Allgemeine Geologie. X + 504 s., 1 firgpl. + 481 fig. Zweite 
und dritte erweiterte Auflage, Tx. Fucus gewidmet. Leipzig 
u. Wien 1922 (F. Deuticke), — IT Teil: Grundziige der his- 
torischen Geologie (Geschichte der Erde, Formationskunde). 
XII + 628 s., 1 pl. + 705 fig. Erste bis dritte Auflage, Jou. 
WALTHER gewidmet. L. u. W. 1924 (ibid.). — III Teil: 
Geologische Linderkunde (regionale Geologie). XII + 1112 
s., 1 pl. + 532 fig. Frreprich Trauru, JuLIus von Pra, 
Lorre ADAMETZ gewidmet. L. u. W. 1941 (ibid.). 


I dagarna utkom tredje delens 11:e och sista hafte, varmed denna for 25 
ir sedan pabérjade larobok, ett helt livs verk, avslutats. Att den fyller ett 
ehov framgar tydligt av de férsta 2 delarnas trenne upplagor; de ersiitta, 
néjligen 1 nagot forkortad men fortriifflig form, E. Kaysers vidlyftiga och 
_talrika upplagor utkomna lirobok, som t. f. av de manga tilliggen un- 
ler upplagornas fortgaende revision (7:e—8:e, 1923; resp. 6:e—T:e, 1924) 
jlivit konglomeratartat onjutbar och miarkligt fri fran ledande tankegangar. 
Da de forsta tvenne delarnas tryckningsar ligger jimforelsevis langt tillbaka 
_tiden, skall harmed uppmirksamheten uteslutande riktas pa den tredje 
lelen, som liksom sina féregangare ar rikt illustrerad, varvid man lagger 
miirke till att originalen till reproducerade fotografier och landskapsbilder 
‘ill stora delar férskriva sig fran férf. sjilv. Detta ater leder till konstateran- 
Jet, att forf. berest stérre delar av det behandlade jordklotet med avsikt 
att genom autopsi fa ett fast grepp om det A4mne han 1 denna del behandlar. 
Ur férordet framgar fiven att han darvid alltid tagit kontakt med ledande 
forskare och geologichefer inom de trakter och lander han besdkt, bl. a. 
fennoskandia i flere repriser, for att fran mest kompetent hall introduceras 
| arbetsresultaten utan att darvid behéva utfo6ra nagot geologiskt pionjar- 
arbete eller usurpera rollen av forskningsresande. Omraden, vars utforskande 
befinner sig i upptickarstadiet eller som férf. ej personligen tagit kontakt 
med, beréras darfér alls ej eller endast helt kort (jmf. kap. III, V, VII). 
Arbetssittet kunde tinkas leda till ensidiga betraktelser pi basen av fér- 
hirskande teorier, men férf:s personlighet som trinad och verksam alpin- 
yeolog ur siker stratigrafisk (Wiener-)skola garanterar i viss utstrackning ett 
ritiskt omdéme. Jordens regionala geologi 1 denna form representerar ett 
concentrat, till en viss grad jaimforligt med Reeps »Geology of the British 
Empire» (London 1921), som iiven ofta citeras, men ar dock betydligt enhet- 
igare planlagt och genomfort. Innehallet uppdelas pa 13 stérre och smarre 
<apitel, aven de i sin ordningsféljd och gruppering ej de sedvanliga, men dock 
yafallande i forséken till konsekvent utformning. En titelupprikning av 
<apitlen ger en férestillning om innehallets planering: I. Das Pazifische Ge- 
iet. II. Das Australische Epeirogen. III. Das Antarktische Epeirogen. IV. 
as Afrasische Epeirogen. V. Der Siidatlantik (7 s. med litteratuz!). VI. 
iidamerika. VII. Archeuropa. VIII. Die Uralische Rinne (5 s. med lit- 
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atur!), IX. Das Kaledonische Orogen. X. Die Eurafrische Geosynklina 
a Leake och den alpina, 280 s.!). XI. Der Asiatische Bau. XI. 
Das Nordatlantische Gebiet. XIII. Der Nearktische Kontinent. — Namn. 
givningen paminner nagot om SuESs, men det bor betonas: forf. undvik 
fullstandigt langsyftande och ens till skymten harddragna konnektioner, 
Fossillistor forekomma pa kritiskt lampliga punkter; talrika kartskisser, tek- 
toniska och orografiska profiler, geologiska rekonstruktioner och oversikts- 
kartor samt tektogramm underlitta studiet 1 hog grad; litteraturlistorna iro 
korta och kinnspaka och omfatta i huvudsak artalen for bokens tillblivelse 
(1915—1940). Boken ar bekvaimare i sin anlaggning och mera tilldragande & 
sin anvandning in de regionala sammanfattningar man garna vill jémféra 
den med: »Handbuch der Regionalen Geologie», »Geologie der Erde», ty den 
representerar ett enhetligare stép och begagnar sig av en sillsynt flytande 
stil, Som referensbok vid férelisningar éver och for arbetsuppgifter mom 
regional historisk geologi air den helt enkelt oumbarlig. Den ar en milstolpe 
for regional forskning intill tjugonde arhundradets forsta tredjedel. 


H. G. B. 


Fappscon, Jonan M.: Geologische en petrologische 
onderzoekingen in het Rivovardogebied 
en omgeving. Academisch proefschrift. Assen 1940. 


I bérjan av ar 1934 tillskrev mig prof. BrouwER 1 Amsterdam och fragade 
om det fanns férutsittning for att nagra av hans studerande kunde fa sig 
tilldelade nagra limpliga arbetsuppgifter 1 Sverige. Saken f6rhéll sig sa 
att politiska férhallanden bérjade forsvara arbetsméjligheterna 1 Spanien 
och Italien dit Brouwer i brist pa limpliga petrologiska eller petrografiska 
uppgifter i sitt eget land sedan flera ar tillbaka sékt dirigera sina larjungar. 

Da BacKLunD och jag nagra ar forut avslutat den éversiktliga kartering- 
en av Vasterbottens fjaillomraden, syntes det mig ur flera hinseenden 6nsk- 
vart att vissa sairskilt intressanta omraden dar skulle bli féremal fér en 
mera detaljerad undersékning in vad vi kunnat aigna dem. Jag tinkte 
mig att man med férdel skulle kunna utvilja mindre partier inom vart un- 
dersékningsomrade, vilka syntes erbjuda problem av siirskilt intresse med 
hansyn till tydningen i stort av fjaillkedjans byggnad, och som darfor sa- 
val for den som tog upp omradet till detaljkartering som for var uppfatt- 
ning om fjallproblemen i vidare bemarkelse skulle lamna resultat av varde. 

Sedan jag radfragat mig med chefen fér Sveriges geologiska undersék- 
ning, dverdirektér GAvELIN, och funnit att han delade mina synpunkter 
och stillde sig forstaende till uppslaget, meddelade jag Brouwer att for- 
utsdttning forelag att tillmétesga hans 6nskningar och att Vasterbotten- 
fjaillen syntes vara ett limpligt omrade med hinsyn till det forberedande 
arbete som dar just avslutats. I ett svarsbrev accepterade BRouweER tack 
samt forslaget och uttryckte samtidigt en énskan att jag skulle foresla fler 
arbetsomraden, om méjligt sa beligna att de studerande e] lage alltfér is 
lerade utan med méjligheter att komma i férbindelse med varandra. 

Jag kom da i foérsta hand att tinka pa Tarnaleden som lamplig férbin 


delseled och foreslog féljande fyra omraden, vilka ur ovan givna synpunkte 
syntes lampliga: 
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1. Det s. k. Rivovardoomradet, som redan pa var éversiktskarta p4 grund 
av bergarternas avvikande utbildning erhallit en sirbeteckning. 

2. Sédra delen av Norra Storfjillet och Syterdalen med dess i viktiga 
avseenden ouppklarade metamorfa och tektoniska problem. 

3. Sédra Artfjillet omkring Keunjatjikko, en tektonisk-stratigrafisk kar- 
teringsuppgift med hjiilp av karakteristiska konglomeratbiiddar som 
ledhorisonter (det s. k. Vojtjakonglomeratet). 

4. Omradet omkring Umasjé, diir metamorfosen synes kulminera i en 
kaledonisk migmatitbildning jamférbar med Stavangeromradet. 


Inom kort hade alla dessa fyra omraden bérjat bearbetas och detaljkart- 
diggas av lika manga unga holliindska studerande, som med liv och lust 
ignade sig at sina respektive uppgifter. Och hésten 1939 hade de alla i stort 
unnit slutf6ra atminstone sai mycket av sina filtarbeten att man pa vart 
ch ett hall sag betydelsefulla resultat féreligga. Tyvirr skulle kriget ej 
nedgiva att pa vissa hall en del avslutande rekognosceringar fingo genom- 
Gras. 

Men den 24 april 1940 var en av de unga dndock firdig att i Amsterdam 
ffentligen forsvara sin gradualavhandling rérande den férsta av ovan- 
1amnda arbetsuppgifter och med den titel som angives i rubriken har ovan. 

Da avhandlingen trycktes pa eget férlag och darfér kanske ej blir latt 
illgiinghg for en vidare geologkrets, har det ansetts 6nskvart att omnimna 
le viktigaste resultaten i form av en anmilan i Férhandlingarna. Da av- 
andlingen dessutom ar tryckt pa hollindska, hade jag redan tidigt avtalat 
ned férfattaren att sjalv skriva ett autoreferat pa svenska for G. F. F. Dr 
‘ADDEGON befinner sig emellertid fér nirvarande i arbete pa Borneo och 
let ar givetvis i hég grad ovisst nir han blir i tillfalle att infria detta sitt 
Ofte. 

Da det synts redaktionen énskvart att utan alltfor stor tidsutdrakt fa 
Whandlingen i nagon form anmald, tror jag att man kanske bist vinner 
nilet genom att atergiva férfattarens egen sammanfattning sidan han 
ammanstillt den i form av en resumé pa tyska spraket i sin avhandling. 
Man far givetvis forutsitta att han dari framhallit vad han sjalv ansett 
ara av storsta vikt. 

Med en lyckénskan till val forrattat varv later jag darfér dr FapDEGON 
ned egna ord sammanfatta sina resultat. 

Percy Quensel. 


Zusammenfassung. 


Die vorliegende Arbeit enthilt die Ergebnisse von geologischen und pe- 
rologischen Untersuchungen, die wihrend der Sommermonate 1936, 1937 
nd 1938 von uns im Rivovardogebiete in der éstlichen, hochmetamorphen 
fone (Sevezone) der Kaledoniden in Schwedisch-Lappland ausgefiihrt 
rurden. 

Das ganze Gebiet wird aufgebaut von metamorphen Gesteinen; der Grad 
er Metamorphose nimmt in éstlicher Richtung allmahlich zu. Im Grossen 
nd Ganzen fallen die Gesteine unter Winkeln von 20—50° nach SW bis 
YW ein. Wir unterscheiden einige kristalline Einheiten, deren Abgrenzung 
uf den petrographischen Merkmalen der zu den Einheiten gehérenden Ge- 
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steinen beruht. Diese Einheiten sind keine selbstiindige tektonische El 
mente, obwohl ihre Grenzen manchmal auch tektonisch wichtig sind. 

1. Im Westen liegt die Kélischieferformation: Serizitphyllite, Quarzi 
(teilweise Arkosequarzite), Kohlereiche Phyllite und Serizitchloritphyllite 
als metamorphe Derivate sandig-toniger (teilweise grobklastischer) Sedi- 
mente. Die Quarzite sind zu Hause in den ordovizischen Gilliksserie von. 
Kulling (litt. 36). Die Gesteine der K6liformation gehéren zu der rm 
zone der regionalen Metamorphose nach der Kinteilung der schottischen 
Geologen. Unter und éstlich von dieser Formation folgt: . 

2. Die Ubergangsformation, aufgebaut von Granatbiotitserizitschiefern 
und eingeschalteten diinnen Garbenschieferbinken, als metamorphe Deri- 
vate sandig-toniger, bzw. mergeliger Sedimente. Die Grenze gegen die K6- 
lischieferformation ist eine rein petrographische, welche den Verlauf der 
Granatisograde angiebt. Die Gesteine der Ubergangsformation gehéren zu 
der Granatzone der regionalen Metamorphose. Hine Biotitzone ist kaum 
zu unterscheiden. Biotit ohne Granat tritt nur in einer wenigen Metern 
michtigen Zone auf. Beide Mineralien sind bei ihrem Auftreten porphyro- 
blastisch entwickelt. Der zuerst auftretende Granat ist ein manganreicher 
(Spessartin-Almandin). ‘ 

Unter und éstlich von der Ubergangsformation folgt: { 

3. das Rivovardokristallin, das aufgebaut wird von a) Granatmuskovit- 
biotitschiefern bis -quarziten als metamorphe Derivate tonig-sandiger Sedi- 
mente; b) mehreren Typen von (Granat)-hornblendegarbenschiefern als 
Derivate mergeliger Sedimente; c) Amphiboliten als Derivate von basischen 
Erstarrungsgesteinen nebst (Hornblende)-epidotcarbonatgesteinen als De- 
rivate tuffogener Sedimente und Sedimente mit eingespiihltem klastischen 
Kruptivmaterial. Ein grosser Teil dieser Gesteine (ausserhalb der Amphibo- 
liten) ist grobkdrnig ausgebildet. Man kann zwei Faziesgebiete im Rivo- 
vardokristallin unterscheiden: 1. das Rivovardo-Jokkskaissemassiv mit fast 
nur Granatmuskovitbiotitschiefern, und 2. das Brakkfjall-Aunjuonakomplex, 
das eine rasch wechselnde Aufeinanderfolge von den vier oben unterschie- 
denen Gesteinsgruppen zeigt. Auch in tektonischer Hinsicht weisen beide 
Gebiete Unterschiede auf, wie hervorgeht aus dem eigentiimlichen Verlauf 
des Streichens. Wir betrachten die magmatischen Gesteine dieses Kristallins 
als Lavagesteine (mit eingeschalteten Tufflagern). ‘ 

Das Rivovardokristallin gehért zu der Granatzone der regionalen Meta- 
morphose, die tiefliegenden Granatquartzite des Rivovardobaches sind auf 
Grund ihres Disthengehaltes der Disthenzone zuzuweisen. . 

Unter und éstlich vom Rivovardokristallin folgt: 

4. das Vuonjadlkekristallin: eine Serie von (Granat)glimmerquarziten und 
-schiefern als Derivate sandig-toniger Sedimenten (wobei die sandige iiber- 
Wwiegen; es kann iiberhaupt ein allmihliger Ubergang von vorherrschend to- 
nigen nach vorherrschend sandigen Gesteinen, von der K6liformation nach 
dem Vuonjaalkekristallin festgestellt werden), und mittel- bis femkérnigen 
Gneisen (Plagioklasgneisen, z. T. mit Mikroklin). Die Gneise bilden mit 
wenigen Ausnahmen die basalen Teile dieses Kristallins. z. T. bilden Sie 
gleichzeitig die meist Ostlich gelegenen Teile, welche vom — in der Seve: 
zone aufgestiegenen — Granitisierungsfront lings metasomatischem Wege 
umgebildet wurden. Amphibolite, als Derivate von basischen Erstarrungs 
gesteinen, spielen in diinnen Banken nur eine ganz untergeordnete Rolle 
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Im Stalofjall liegt unter dem Vuonjaalkekristallin: 


5. das Ajaurekristallin, das aus vorwiegend Amphibolite besteht, mit 
eingeschalteten (Hornblende)granatglimmerschiefern. In den Amphiboliten 
sind mehrere Typen, wie dichte Amphibolite, gebiinderte Amphibolite und 
pistazitreiche Amphibolite zu unterscheiden. Wir halten es fiir wahrschein- 
ich, dass diese metamorphe Derivate basischer Lavagesteinen mit Tuff- 
lagern darstellen. Besonders in den basalen Teilen dieses Kristallins herrsch- 
en amphibolitische Gesteine vor. Das Ajaurekristallin gehért zu der Granat- 
zone der regionalen Metamorphose (inwieweit auch die Disthenzone ver- 
treten ist, kann wegen Disthenmangel in den Granatglimmerschiefern nicht 
festgestellt werden). 


6. das Injektionskristallin taucht im Ryfjall nach Westen unter dem 
Vuonjaalkekristallin. Weiter nach Siiden ruht das Ajaurekristallin — das 
sich hier zwischen Vuonjaalkekristallin und Injektionskristallin schiebt — 
auf dem Injektionskristallin. Die meisten Injektionsgesteine enthalten ur- 
spriinglich sedimentiires Material von sandig-toniger Zusammensetzung. 
Injektionsgesteine mit mergeligem Material sind in der Nahe der Ostgrenze 
anseres Gebietes ziemlich stark verbreitet. Amphibolite als Derivate von 
basischen Krstarrungsgesteinen sind keine wichtige Bestandteile des In- 
jektionskristallins. 


Die Gesteine dieser kristallinen Gruppe hatten bereits einen hohen Meta- 
morphosegrad (Disthenzone) erreicht, bevor die injizierenden Lésungen 
eindrangen und die Gesteine weitgehend umpriigten. Kleine Granitkérper 
und Pegmatitlinsen und -Nesten durchsetzen die sedimentogenen Gesteine: 
Man kann einigermassen einen Unterschied machen zwischen mechanischer 
Intrusion und Injektion von Graniten (und Pegmatiten), und metasoma- 
bischer Feldspatbildung in den sedimentogenen Gesteinen (regionale Feld- 
spatisierung und vielleicht auch Muskovitisierung). Granitkérper von be- 
leutendem Umfang kommen kaum vor. 

Die Injektionsmetamorphose, wihrend welcher auch Bewegungen auf- 
traten, fand in mehrere Phasen statt. Es konnte einwandfrei festgestellt 
werden, dass es zuerst eine Periode der Bildung von Graniten und Pegma- 
titen gab, wobei das Na unter den Alkalien weit vorherrschend war. Die 
Nebengesteine wurden durch Na-Feldspatisierung umgewandelt. Die Pla- 
vioklase in vielen dieser Gesteinen sind spaiter von K-Feldspat verdrungen 
worden (K-metasomatose). Diese Umbildung von Na- in K-Feldspat ist in 
seinen verschiedenen Stadien gut zu verfolgen. Die K-Feldspatbildung 
wurde in einigen Gesteinen gefolgt von einer neuen Albitbildung; der junge 
Albit verdrang den K-Feldspat. Spater hat sich in manchen Gesteinen noch 
Muskovit auf Kosten des K-Feldspates und — in dem obengenannten Falle 
des Vorkommens jiingeren Albits — des Na-Feldspates. Vielleicht hat, es 
sine Fe-Mg-Metasomatose gegeben, welche u. m. eine spite Biotitbildung 
durch Verdringung von Muskovit verursacht hat. 

Die regionale Metamorphose fand wahrend Ablagerung und Bewegung 
der Sedimente in der Geosynklinale statt. Es kann — jedenfalls fiir die 
Ubergangsformation und das Rivovardokristallin — eine Periode von sta- 
tischer Metamorphose abgetrennt werden, in welcher Biotit, Granat und 
Hornblende porphyroblastisch ausgebildet wurden, wie hervorgeht aus den 
Diablasten in diesen Mineralien, welche auf geradlinigen Bahnen angeord- 
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net sind, dessen Verlauf von der bereits zustande gekommenen Schieferung 
bestimmt wurde. Es ist sehr gut méglich, dass die fiir die Bildung dieser 
Mineralen geforderte hohe Temperatur teilweise verursacht wurde durch 
das Emporsteigen der Geoisothermen in Zusammenhang mit der Grani- 
tisierung. ; 

In vielen Gesteinen in dem von uns untersuchten Gebiete kénnen die 
Spuren spiiterer Dynamometamorphose nachgewiesen werden. Die Durch- 
bewegungen, welche Anlass gaben zu dieser Metamorphose, haben im All- 
gemeinen die bereits gebildeten Schieferungsflachen gefolgt. In der Uber- 
gangsformation und im Rivovardokristallin hatten diese Bewegungen manch- 
mal Umkristallisation des Gesteins ausserhalb des Granates zufolge; der 
Granat wurde nur gebrochen, aber nicht umkristallisiert. Im Ajaurekristallin 
und auch im Injektionskristallin fand Auswalzung und Regeneration des 
Granates statt. Die Form des regenerierten Granates wurde beeinflusst von 
den herrschenden Druckverhiltnissen. In der Gurdstjakkozone, im Injek- 
tionskristallin, sind die Injektionsgneise, Granite und Pegmatite von kraf- 
tigen Bewegungen nach der Injektionsmetamorphose ergriffen worden, 
welche eine Mylonitisierung mit Mineralneubildung (Blastese) hervor- 
brachten. Besonders die Na-Feldspate dieser Gesteine sind ausserordentlich 
stark serizitisiert und saussuritisiert. 

Nach dem heutigen Stand der Untersuchungen kann nicht entschieden 
werden inwieweit die spatere Bewegungen in den unterschiedenen kristal- 
linen Hinheiten gleichzeitig stattfanden. Hs ist z. B. sehr gut méglich, dass 
im Injektionskristallin die Injektionsmetamophose vor sich ging wahrend 
in den mehr westlich gelegenen Hinheiten die spitere Dynamometamorphose 
auftrat. 

Es wire nach dem oben Mitgeteilten die folgende Skizzierung vom tek- 
tonischen Entwicklungsgang des untersuchten Gebirges zu geben — wobei 
diese Skizzierung als Arbeitshypothese aufzufassen ist —: 

Sedimentation, und Faltung von den in der kaledonischen Geosynklinale 
abgelagerten Gesteinen, verbunden mit regionaler Metamorphose. 

Bildung einer Geantiklinale, wovon in unserem Gebiet der Kern und der 
westliche Teil zutagetreten, sodass mutmasslich nach Westen hin immer 
jiingere Ablagerungen mit abnehmenden Metamorphosegrade folgen. 

Die Granitisierung des Kernes der Geantiklinale erfolgte vielleicht unter 
Wirkung von tangentialen Bewegungen, welche die in grésserer Tiefe ge- 
bildeten alkalireichen Lésungen in héhere Teile der Kruste pressten. 

Spitere Dynamometamorphose (vielleicht teilweise wihrend der Graniti- 
sationsperiode unter hoher Belastung, wohl in Zusammenhang mit der 
Uberschiebung von héheren tektonischen Hinheiten, die jetzt durch Ero- 
sion verschwunden sind), modifizierte den Habitus der Gesteine der Geanti- 
klinale und ist wohl verantwortlich zu stellen fiir die Breitenzunahme der 
Sevezone, auf der geologischen Karte, im Rivovardogebiet. Es diirfte sich 
hier handeln um eine Aufwélbung von einigen kristallinen Einheiten des 
Westfliigels der Geantiklinale, wobei die Bewegungsméglichkeit am gréssten 
in S—SO Richtungen war. Die starke Dynamometamorphose, die die ba- 
salen Teile des Vuonjaalkekristallins und die sedimentogenen Gesteine der 
hoheren Teilen des Ajaurekristallins zeigen, steht wahrscheinlich mit einem 
in derselben Bewegungsphase aufgetretenen, nach Siiden gerichteten Vor- 
riicken des Vuonjaalkekristallins im Zusammenhang. 
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Die Hypothese, dass das Rivovardokristallin ein Rest einer aus grosser 
Entfernung tiberschobenen Scholle darstellt, muss abgelehnt werden. 

Die KG6li- und Seveschiefer miissen — jedenfalls in unserem Untersuch- 
ungsgebiete — nicht betrachtet werden als zwei durch grosse Altersunter- 
schiede von einander getrennte Gruppen. Im Gegenteil: unsere Beobacht- 
ungen weisen darauf hin, dass die beiden Gruppen allmihlich in einander 
tibergehen und die Seveschiefer sicher teilweise metamorphosierte kambro- 
silurische Sedimente und Erstarrungsgesteine darstellen. 


SCHNEIDERHOHN, Hans. Lehrbuch der Erzlagerstattenkunde. 
Erster Band. Die Lagerstiitten der magmatischen Abfolge. 
8:0, 858 s., 264 ill. — Gustav Fischer, Jena, 1941. Haft. 
RM 48:—, bunden RM 52:— (nedsittningsmdjlighet for 
utlandet). 


Det ar nu lange sedan nagon mera betydande ny larobok i malmgeologi 
kom ut. Under decenniet efter sekelskiftet utkommo i relativt snabb féljd 
tre tysksprakiga verk, nimligen Beck (1900), Stelzner-Bergeat (1904—1906) 
och Beyschlag-Krusch-Vogt (1909), féljda av Lindgrens »Mineral deposits» 
(1933). Den sistnimnda har med nya upplagor (4. uppl. 1934) pa senare tid 
utan tvivel varit den mest anlitade. Ofta har man dock aven tacksamt sékt 
sig tillbaka till de nyssnimnda tidigare verken. Orsaken har varit tvafaldig. 
Dels innehalla de tyska arbetena mera utférliga redogérelser for skilda fyn- 
digheter, dels aro 1 dem exemplen fran icke-amerikanska lander talrikare. 
I f6rstnimnda avseende kan skillnaden mahanda bist uttryckas sa, att Lind- 
grens arbete ar mera lirobok, medan de tyska ocksa syfta till att vara upp- 
slagsbécker. Schneiderhéhns verk, som nu utkommit med sin férsta del, 
avser ocksa att forena dessa bada sidor. Darav foljer givetvis, att det blir av 
betydande omfattning. Fortsittningen annonseras nirmast komma att 
férdelas pa tva band, behandlande resp. »Die Lagerstitten der sedimentiren 
und metamorphen Abfolge». Darjamte planeras en del rérande metall- 
epoker och metallprovinser, samt en rérande malmfyndigheternas geokemi. 

Belysande i mangt och mycket fdr férf:s grepp pa amnet ir inledningen, 
dir han deklarerar sin tacksamhetsskuld till Lindgren, till Niggli — siirskilt 
med hiansyn till dennes arbeten rérande de lattflyktiga magmabestandsde- 
larnas roll —, till Stille och H. Cloos, samt till sin larare 1 geologiskt arbete, 
Erich Kaiser, vilkens minne bandet fr tillagnat. Framférallt tackar forf. 
Kaiser fér det att denne lart honom inse nédvandigheten av att 1 malm- 
geologien pa det intimaste forena mineralogiskt och geologiskt arbete. Detta 
kan synas éverflédigt for oss, som huvudsakligen syssla med urbergsfyndig- 
heter, dir den mineralogiskt-petrografiska och den geologiska sidan med 
nédvindighet férenas. Men situationen dr onekligen en annan i lander, dar 
den geologiska sidan aven kraver en omfattande stratigrafisk skolning. 

Framstillningen inledes med en kort och klar éversikt av fraktionerings- 
processerna i magman och deras betydelse for malmbildningen; fran likvid- 
magmatiska fyndigheter till teletermalt hydrotermala och exhalationsproduk- 
ter. I den utforligare behandlingen indelas de olika fyndighetstyperna i fyra 
huvudgrupper: likvidmagmatiska, pneumatolytiska, hydrotermala, _och 
exhalationsfyndigheter. Bland de likvidmagmatiska urskiljas kristallisations- 
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differentiat (varvid resorptionsprocesser tillmiétas en viasentlig z roll) samt 
»Entmischungssegregater, siledes likvationsprodukter. I den férra avdel- 
ningen aterfinnas fyndigheter av kromit, titanhaltig jirnmalm och platina, 
i den senare mirkas framfér allt nickelmagnetkisfyndigheter av typen Sud- 
burys »marginal deposits». Sisom ett mellanled mellan den likvidmagmatiska 
och den pneumatolytiska gruppen anforas ett antal typer av »autohydrati- 
serade» differentiat, motsvarande de flesta likvidmagmatiska typerna (ex. 
Sudburys »offset deposits»), samt Kirunatypens apatitrika jarnmalmer och 
Kolahalvons apatitkoncentrationer. : 

Till den pneumatolytiska gruppen féras pegmatiter, vissa malmgangar, 
samt kontaktpneumatolytiska fyndigheter. Avgransningen ay hithorande 
gingar fran det hégsta temperaturstadiet bland de hydrotermala utgér 
naturligtvis i manga fall en vansklig sak. Sisom pneumatolytiska upptagas 
emellertid. bl. a. flertalet tennmalmsgingar samt turmalinforande kvarts- 
gangar med guld, koppar, m. m. : ; 

Inom den stora hydrotermala gruppen har Schneiderhéhn med hansyn till 
det geologiska sammanhanget och till temperaturgebitet genomfért en indel- 
ning, som i en del punkter avviker fran de amerikanska forskarnas (Lindgren, 
Graton, W. H. Emmons, m. fl.), ehuru han i évrigt ansluter sig till deras syn- 
punkter. Bl. a. infores begreppet subvulkaniska fyndigheter, representerande 
flera temperaturstadier. I beskrivningen aro emellertid de olika falten icke 
grupperade efter bildningstemperaturen, utan efter sin karakteristiska metall- 
foring, t. ex. guld och guld-silver, pyrit och koppar, bly-silver-zink. Enligt 
rec:s mening ar detta ocksa en lyckligare form. 

Bland »exhalationsfyndigheter» upptagas dels fumarol- och solfatarproduk- 
ter (ex. svavel), dels jirnmalmer avy Lahn-Dill- och kvartsrandtyp. Denna 
placering av ifragavarande jéirnmalmer motsvarar onekligen gingse uppfatt- 
ning av deras bildningssatt battre an det sedvanliga sammanforandet med 
malmer av normalt sedimentiart ursprung. 

Det ar sirskilt vilkommet att i arbetet aterfinna, behandlade med stéd av 
nyare litteratur, ett flertal fyndigheter, som utgjort klassiska forskningsfalt 
for malmgeologien, men som senare fér en tid sjunkit i bakgrunden for det 
vetenskapliga intresset. Freibergs giangsystem utgér ett exempel. Svenska 
fyndigheter behandlas mycket kortfattat, med undantag fér de apatitrika 
jarnmalmerna. Orsaken ar den, att Schneiderhéhn imnar upptaga évriga 
urbergsmalmer i verkets planerade tredje del, som skall avhandla metamorfa 
fyndigheter. Fér de mellansvenska jiirnmalmernas vidkommande ar ett dylikt 
forfarande givetvis viil motiverat. Fér sulfidmalmerna i vart urberg ar den 
svagare grundad, men aven pa detta omrade kunna onekligen vissa fordelar 
vinnas, atminstone da det giiller de mellansvenska fyndigheterna. 

Arbetet ar rikligen forsett med litteraturhinvisningar (f6rteckningen upp- 
tager 740: nummer) och har utférliga register. Illustrationsmaterialet, huvud- 
sakligen ritningar, ir rikhaltigt och instruktivt. Sdrskilt mA niamnas ett stort 
antal kartor och skisser, delvis i form av invikta planscher, pa vilka svartrit- 
ning och maskintoner kombinerats pa ett lyckligt sitt. 

Schneiderhéhns lirobok iar ett i basta mening ambitidst arbete, och den 
nu tillgingliga forsta delen rekommenderas pa det livligaste till alla, som ha 
intresse for den malmgeologiska vetenskapen. 


Per Geier. 
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Métet den 6 mars 1941. 


Narvarande 69 personer. 


Ordféranden, hr Horner, meddelade, att styrelsen 4 Foéreningens 
vagnar avsant en hilsning till Norsk Geologisk Forenings férsta lands- 
mote i Oslo den 11—13 februari samt att med anledning dirav en 
svarsskrivelse ingatt, som uppliistes. 


Till nya ledaméter av Foreningen hade styrelsen invalt: laboratorie- 
chefen vid Statens viginstitut fil. lic. Harry Arnfelt, foreslagen av hrr 
Beskow och Rengmark, samt cand. real. Olge Adamson, Oslo, fére- 
slagen av hr Quensel. 


Foreningen beslét inga till Kungl. Maj:t med ansékan om ett stats- 
bidrag a 1 400 kronor samt till hrr fullmaktige i Jernkontoret om ett 
anslag av 1 000 kronor sasom bidrag till fortsatt utgivande av Férhand- 
lingarna under ar 1941. 


Pa forslag av styrelsen beslét Foreningen att tillsammans med Stock- 
holms hégskola inbjuda professor Hans Cloos att i anslutning till sitt 
bes6k i Finland den 26 och 27 mars halla en forelisning i Stockholm om 
mdjligt pa Féreningens ordinarie méte den 3 april, eljest vid ett extra 
mote i slutet av mars. 


Revisionsberiittelse 6ver styrelsens och skattmistarens forvaltning 
under ar 1940 féredrogs av hr Sven Gavelin, varefter av revisorerna till- 
styrkt ansvarsfrihet beviljades. 


Sammandrag av Geologiska féreningens rakenskaper for ar 1940. 


Debet. 

Balans fran 1939: Reservfondens konto .................. kr. 11,631: 20 

Lotterifondens konto...:../..........- » 16,278: 59 97,909: 79 

Inkomster under ar 1940. 

Reserviondens konto, ramtemedel ..............0.20--0045 kr. 330: 28 
Lotterifondens konto, WM Te, Pee 0 5.660 5.6 gran, » 568: 26 
TEDON SPLAT AGG) S88 Be Ree nics Ano aCe ee noe et Eicon rene » 174: 51 
Trycknings- och korrigeringsbidrags konto ..............+. » 41: 50 
Forsaljning av foreningens forhandlingar ................. » 772: 95 
“VERIO: Gates eit cc Og 8 Us DOORS RGUICe meiner ie iors, » 1,400: — 
POA Secvs SCTIEONGOTCH 66 cic c.g ees dn seeds cece aasgacines » 1,000: — 
Cor HOON eMG INET AI ally oh pcs ae aimie's 10) 06 0 eis 4 (ele are wise ele ajever9ie)si ele ele » 78: 94 
Mirlise ledGMOteaVgitter 02.602 e cnn e cee e eens asec ses ness » 4,092: 50 
Standiga by ae ea Matias aie serio aes hese I EN ORD ROIS el 200:— 8,658: 94 


Utgaende balans. 
Skuld till P. A. Norstedt for tryckning...............-++ kr. 470: 62 470: 62 


Summa kronor 37,039: 35 
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Kredit. 
Utgifter under ar 1940. 
Geol. féren. férh. 1939, rest & tryckning..........+-++-+- kr. 1,276: 96 
» » » 1940, tryckning betald............-.++- » 7,130: 62 
» » » iy » (oy-avi lols) era eeGrer se » 470: 62 
» » » » , illustrationer 0.05 0s cise seus sans » 1,128: 58 
» » » » , Gistributionen .....+essnscececece > 442: 43 
Expeditionskostnader ..........+eeeeeecererereteneacees » 373: 89 
DATOTIAMET ECON arya, «co gewe es bonpetaratinaaiacaeha ayerd eg Pha na wren » 281: 98 
Revue rannuelle 1989 toc... eee west cena oy eiewonee sm mele » 246: — 
Brandforsikring, representation M. M.....--++ee++e+eeee » 127: 40 
INT OCLOTE pete achat pieian ie ole Cal aia ave a. a Wi 18, 8 PCS euRta aat tae a » 1,350: — 

Kursforlust vid férsiljning av obligationer ..............- » 1,355: 50 
Generalregister till bd 51—60...........eseecceecresereees » 2,482: 85 16616: 83 
Utgaende balans. 

RGSS VEOMCENS FROMUG J loec:ctce cis » nave ae ate ple eia'a amit te mart kr. 10,422: 52 
IDaigiseikencley $7 pace mmpatoemnoncrcc cers wh = 43> ecu. » 10,000:— 90,492: 52 


Summa kronor 37,039: 35 


Hr Sundius héll ett av talrika ljusbilder belyst féredrag om Olje- 
skiffrar och skifferoljeindustri. En uppsats i amnet kommer att tryckas 
i 8. G. U.:s arsbok, Ser. C. 


Med anledning av foredraget yttrade sig hrr Thorslund, Brotzen, 
Troedsson, K. Sidenwali, Orton och féredraganden. 


Vid métet utdelades nr 424 av Foérhandlingarna. 


Extra méte den 24 mars 1941. 


Narvarande 45 personer. 


Pa gemensam inbjudan av Geologiska Féreningen och Stockholms 
hégskola héll professorn vid universitetet i Bonn, Dr Hans Cloos, ett fé- 
redrag om Struktur und Funktion der Tuffschloten (med firgbilder). 


Referat av féredraget kommer att inflyta i ett senare hifte av 
Foérhandlingarna. 


MOtet den 3 april 1941. 
Narvarande 46 personer. 


Ordféranden, hr Hérner, framlade programmet for »Nordiskt urbergs- 
mote Abo—Pargas 21—24 maj 1941)». 


Till ny ledamot av Foreningen hade styrelsen invalt fil. stud. Staffan 
Tengnér, foreslagen av hr Quensel. 
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Hr Rolf Norin héll ett av talrika diagram belyst féredrag om Tillamp- 
ning av termisk analys pa leror och vattenhaltiga mineral. En uppsats 
i imnet kommer att inflyta i ett senare hifte av Férhandlingarna. 


Med anledning av féredraget yttrade sig hrr Beskow, Benedicks, 
Tamm, Hagerman, Arnfelt och féredraganden samt fil. lic. Bérje Sten- 
berg. 


Hr Grip hdll ett av kartor och ljusbilder belyst féredrag: Nagot om 
strémskvartsitskallan och dess tektonik. En uppsats i iimnet kommer 
att inflyta i ett foljande hifte av Férhandlingarna. 


Med anledning av féredraget yttrade sig hrr Holmquist, T. Du Rietz 
och foredraganden. 


Herr Holmquist ville forst uttala ett tack till féredragshallaren fér det varde- 
fulla bidrag han limnat till kiinnedomen om fjillgeologien inom Stréms- 
omradet i norra Jamtland. Det kan dock icke férnekas, att vad vi hittills 
fatt veta om dessa trakters geologi ingalunda dr tillrackligt for att grunda 
en siker uppfattning om déverskjutningstektoniken inom denna region av 
fjillkedjan eller giva nagot som helst berittigande at den uppfattningen, att 
densamma kiinnetecknas ay ett antal stora é6verskjutningsskallor. Snarare 
har man att géra med en storstilad »Schuppenstruktur, sisom G. Frédin for 
nu langesedan pa ett synnerligen évertygande satt framstallt forhallandena. 
Man ma betanka, att i en region sidan som den svenska delen av fjallkedjan, 
dir flacka rérelser i allminhet dominerat under fjallkedjeveckningen, glid- 
ningar i allminhet maste komma till stand och aven mestadels visa sig emellan 
bergartskomplex av olika sammansattning och darf6r aven av olika mekanisk 
motstandskraft samt att det salunda ir en latt sak att vid en schematisk geo- 
logisk kartering konstruera kartan efter skallhypotesen. Men nagot vagande 
bevis fér att omradet vore uppbyggt av 6ver varandra vilande stora glid- 
skallor ar dirmed ingalunda lamnat. I Strémsbergets geologi vid Lidsjéberg 
har man ett begransat gebit, dir skallhypotesen synes bora kunna definitivt 
avgoéras, for denna del av fjillkedjeomradet atminstone. F6r narvarande 
féreligga tre vasentligen differerande tolkningar av dess geologi och tek- 
tonik, nimligen G. Frédins »Schuppenstruktur-hypotes, Asklunds granit- 
kalott-konstruktion och féredragandens starkt modifierade form av denna. 
Foredraganden hade pa grundval av sina iakttagelser fors6kt en konstruktion 
i form av en inveckning uppifran av den supponerade granitskallan (som val 
skulle kunna betecknas som en »Klippen»-tektonik, om man vill tillampa en 
schweizisk férebild) i motsats till Frédin, som i anslutning till traktens all- 
minna tektonik antager uppveckning nedifran av underliggande prekambrisk 
granit och styrker denna asikt genom pavisandet, att graniten ar skjuten Over 
sina egna vittringsgrusbildningar at éster. Varken foredragandens eller 
Asklunds tolkningar av Strémsbergets geologi och tektonik kunna darfér 
siigas hava vederlagt Frédins framstillning. Men det vore synnerligen 6nsk- 
vart, att omradet bleve gjort till foremal for ytterligare detaljerade undersdk- 
ningar, da det vil kan sagas utgéra en probersten pa méjligheten att tillampa 
fjarrglidningshypotesen. 
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Geolognytt. 


Dr Eugen ©. Wegmann (Schaffhausen), bekant genom sina banbrytande 
faltgeologiska undersdkningar i alla de 4 nordiska landerna, har utnamnts (?/2) 
till professor i geologi och prefekt for Geologiska institutet vid universitetet 1 
Neuenburg (Neuchatel) som professor E. Argands efterfdljare. 


Docenten fil. dr Nils Ambolt har utnamnts till férste aktuarie i $jé- 
karteverkets jordmagnetiska avdelning. 


Professor O. Holtedahl, Oslo, har invalts som medlem av Fysiografiska 
sallskapet 1 Lund. 


»Sixten Heymanns pris for forfattare och vetenskapsmin», som i ar skulle 
tilldelas »svensk vetenskapsman inom den naturvetenskapliga grenen, fér- 
naimligast astronomi, geologi och kemi, for upptickt eller utgivet arbete nom 
namnda vetenskapsgren», har av styrelsen for Géteborgs hégskola delats 
mellan professor H. Backlund fér hans teori om urbergets uppbyggnad och 
utveckling och professor L. v. Post fér utexperimenterandet av den pollen- 
statistiska metoden fér undersékningar av kvartiira avlagringar, sirskilt torv. 
Priset utgér ca. 10000 kr. 


Vetenskapsakademien har tillerkaént e. o. museiassistenten fil. lic. Erik 
Jarvik det letterstedtska understédet, 400 kr., for bekostande av bildmaterial 
till en avhandling om krossopterygier och amfibier. Fér samma aindamal 
har ett anslag erhallits fran Lingmanska kulturfonden. Akademien har 
ur Hierta Retzius minnesfond tilldelat professor E. Stensié 2000 kr. till 
prepareringsarbete vid utarbetande av tredje och sista delen av mono- 
grafien »The Placodermi of the Upper Devonian of East Greenland» och 
doc. Erik Nilsson 2500 kr. for fortsatta undersékningar ay issjéstrandlin- 
jer och sediment pa Sydsvenska héglandet betriffande fragor rérande 
landisens avsmiltning och den olikformiga landhéjningen. 


Ur Lars Hiertas minnesfond har vidare docent Rudolf Florin erhallit 
1000 kr. till illustrationsmaterial i sjitte delen avy monografien Die Koni- 
feren des Oberkarbons und die des unteren Perms, fil. kand. Olof Selling 
800 kr. for bearbetning av material betr. Hawaiidarnas postglaciala vege- 
tationshistoria, samt docent Carl Caldenius 700 kr. fér att bérja en 
geokronologisk-morfologisk utredning dver landisens avsmiiltning i vissa 
delar av vastra Sverige. 


K. Fysiografiska sillskapet i Lund har tilldelat fil. mag. Seth Nilsson 200 
kr. for en undersdkning av den mellan- och éverkambriska lagerserien inom 
fagelsangsomradet, fil. lic. Karl Erik Bergsten 400 kr. fér studier éver de 
glacifluviala bildningarna kring norra Vattern och fil. mag. Sigvard Lillie-. 
roth 200 kr. for limnologiska undersékningar i 5 sjoar i NW Skane. 
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Urbergsintresserade geologer i Fennoskandia och Danmark ha inbjudits 
till ett méte i Abo och Pargas den 21—24 maj 1941 i och for diskussion av 
tektoniken och granitbildningen inom urberget, varvid ven Pargasomradet 
kommer att demonstreras under exkursioner. Aven nigra lingre exkursioner 
inat landet iro planerade. Inbjudningen, som itfdljes av ett detaljerat 
program, ir utfirdat gemensamt av Geologiska sillskapet i Finland, Abo 
Akademis Geolog. Miner. institut och Pargas Kalkbergs aktiebolags Geo- 
logiska avdelning. 


Den 5 april forsvarade fil. lic. O. Odman & Stockholms hégskola en 
akademisk avhandling med titeln Geology and ores of the Boliden deposit, 
Sweden. Opponenter voro prof. P. Geijer och fil. dr Sven Gavelin. 


REDAKTIONELLT MEDDELANDE. 


Till féljd av de senare arens minskade anslag har styrelsen sett sig 
nodsakad att tillsvidare i regel ej antaga till inforande i Férhandlingarna 
uppsatser ay stoOrre omfang in tva ark eller med dyrbarare illustrationer 
eller tabeller, savida ej siarskilda tryckningsbidrag stallas till forfogande. 


Angaende fndring av separatomslag hianvisas till meddelande 4 om- 
slagets sista sida. 


Sveriges Geologiska Undersokning 


Hl, Dr NAIMA S AHLBOM Serie C, Nor 1—367. Stockh. 1868—1931. 


Ay denna i komplett skick ytterst sall- 
synta svit finnes f. n. ett ex. att tillga, 


Speciallaboratorium till kronor 900: —. 


Stort urval av geologiska bicker 


och avhandlingar. 
ee Oo Vatton- Geologiska och ekonomiska kartor 
analyser. i rik sortering. 
adioaktivitetsmatningar m. m. a = 
: BJORCK & BORJESSON 
Telefon 10 33 72 ANTIK VARIAT-BOKHANDEL 
riksbergsgatan 13 Stockholm 62 Drottninggatan. Stockholm 


SVERIGES GEOLOGISKA UNDERSOKNINGS SENAST 
UTKOMNA PUBLIKATIONER ARO: } 


Ser. Aa. Geologiska kartblad i skalan 1 : 50000 med beskrivningar. 
N:o 178 Givle av R. Sandegren, B. Asklund och A. H. Westergard 1939 . . 4,00 


179 Forshaga av R. Sandegren och N. H. Magnusson TST Ah, +e 4,00. 

; 180 Faré av H. Munthe, J. E. Hede och G. Lundqvist 1936 ss) oe 

> 181 Smedjebacken av G. Lundqvist och 8. Hjelmqvist 1937... 1. 4,00 

>» 183 Visby och Lummelunda ay G. Lundqvist, J. E. Hede och N, Sundius fe 
she Fas eh, ee eee re rer ee ee ee F 


Nio 421 Westergird, A. H., On Swedish Cambrian Asaphide. With 3 Plates. 1939 1,00 
>» 422 Sandegren, R., Nedre Klaralvsdalens postglaciala utvecklingshistoria. 
Med ¥% tavior. Zusammenfassung: Die postglaciale Entwicklaungs- 


geschiente des unteren Klarialvtales. 1939 . . <auees le 1,00 
» 423 Luadqvist, G., Sjésediment fran omradet Abisko—Kebnekaise. Zusam- 

menfassung: Hinnenseesedimente aus dem Abisko—Kebnekaise-Ge- 

biet in Schwedisch-Lappland. 1939 . 2,00 


» 424 Gavelin, Sven, Geology and ores of the Malanas district, Vasterbotten, 
Sweden. With 38 plates. Resumé: Maldnaisomradets geologi och 
malmforekometer. 190 2) «ai ce net ante ere tet een . 5,00 


Sudwestschweden, 1939) 5 909) ae ee «ae, lace Se 

» 426 Odman, O. H., Urbergsgeologiska undersékningar inom Norrbottens lan. 

Med en karta. Summary: On the pre-Cambriau geology of Swedish 
laapplanda \0c0lsgnes austen HS tbe ee «ces ay 2 he en 3,00 

>» 427 Wickman, F. E., Some graphs on the calculation of geological age. 
With one plates 195972 <u ot eee eee 0,50 

> 428 Loostrém, R., Liénnfallet. Southernmost part of the Export Field at 
Grangesberes With's plates, 2930 <0. (20a use eens on he eee 

>» 429 Thorslund, Per, Kvartirgeologiska iakttagelser inom éstra Storsjéom- 
TAdet Lada tl ante wLO soe ieee eile ee « “SS Ae ae . 0,50 

>» 430 Hjelmqvist, Sven, Some post-silurian dykes in Scania and problems 
suggested by them? L939 yeu aut cee < guia eee eee . » J,06 

Arsbok 34 (1940) 

N:o 431 Magnusson, N. H., Herrangsfaltet och dess jirnmalmer. Med en tayla. 
Summary: The Herrang field and its iron ores. 1940 ...... 3,00 
> 482 Arrhenius, O., Fosfathalten hos svenska torvslag. 1910 . . 2 6 Oo 
» 433 Lundqvist, G., Bergslagens minerogena jordarter. 1940....... 2,00 

» 434 Lundqvist, G., Sjésediment fran Gotland. Zusammenfassung: Binnen- 
seesedimente aus Gotland. 1940 ......... ee 2,50 

» 435 Brotzen, F., Flintrannans och Trindelrannans geologi (Oresund), Med 

en tavla. Zusammenfassung: Die Geologie der Flint- und Trindel- 
rinnes(Oresnnd el 940s)... . Cae 2 eee 1,00 

» 4386 Thorslund. Per, On the Chasmops series of Jemtland and Séderman- 
landa(@ivanen). With: 15° Plates, 19402 sme, 0) eee eae 


» 437 Westergard, A. H., Nya djupborrningar genom Aldsta ordovicium och 
kambrium i Ostergétland och Narke. Med kemiska analyser ay 
Gunnar Assarsson. Summary: New Deep Borings through the Lowest 
Ordovician and Cambrian of Ostergétland and Narke (Sweden) 1940 2,00 


Arsbok 35 (1941) 


N:o 438 Odman, Olof H., Geology and ores of the Boliden deposit, Sweden. 
Nath 43) plates: 194109 6 ee. 
Ser. Ca. 


N:o 29 Molin, K., A general earth magnetic investigation of Sweden carried 
out during the period 1928—1934 by the Geological survey of Sweden. 
Part, 2, Inclination. With 4 plates. 1989, 9...) 9) 5 2 10,00 
» 30 Magnuson, N. H., Lijosnarsbergs malmtrakt. Berggrund och malm- 
fyndigheter. Med 2 tavior. Summary: Geology and ore deposits of 
Hijusnarsherg 140 2 se ns SP ee, ern t0Ge 


Distribueras genom Generalstabens Litografiska Anstalt. Stockholm 1. 


Diamond Core Drilling 


Cement Grouting 


Contractors 
and 
Manufacturers of machinery 


Svenska Diamantbergborrnings 
Aktiebolaget 


Kungsgatan 44 
Stockholm C. 


GEOLOGICAL INVESTIGATIONS 
and 
GEOPHYSICAL PROSPECTING 


FOR ORE AND OIL 


by means of 


Electrical, Magnetic, Gravimetric, 
Seismic Methods 
AKTIEBOLAGET ELEKTRISK MALMLETNING 
(The Electricat Prospecting Company) 
Kungsgatan 44, Stockholm, Sweden. 

We fare Pablealions, 


Geologiska Féreningens i Stockholm Férhandlingar utkom: n 
med 4 hiaften drligen. Prenumeration mottages genom Nordiska bo 
handeln, Stockholm. 


: Generalregister till Generalregister till & 
Bd 1—31 a 20 kr. Bi 1-5 4 Be Bd 22—81 86 kro 
> 82 » 60 >» 


+ Gaxitnern ane >» 82—41 e > - 
> 33—62 » 20 » >» 42—50 >» > C 
» 11—21>6 » » 5I—60 > 6s 

Lisa hiften av alla banden till pris beroende p& haftenas omfang. 

Medlemmar av Féreningen erhdlla genom skattmistaren de aldre banden ay Forhand> 
lingarna och Generalregistret till halften av det ovan a ptagna bokhandelspriset. A losa 
hiften lamnas ej prisnedsittning. (Styrelsens beslut d. 77/10 1922.) 


Geologiska Féreningens sekreterare, Docenten G. Troedsson, traffas i Féreningens 
angelagenheter i bostaden Bragev. 29, Djursholm, kl. 17—18, Tel. 55 20 10. Efter éverens- 
kommelse per telefon kan sekreteraren dven traffas 4 Sveriges geologiska undersékning 
eller 4 Stockholms hégskolas Geologiska institut. t 


Foreningens ordinarie méten aga rom férsta helgfria torsdag i m&naderna febru- 
ari, mars, april, maj, oktober, november och december. Dagen for januarimétet bestammes 4 
decembersammankomsten. Anslag om féredragningslistan finnas minst 3 dagar fore sam- 
mantridet uppsatta pA anslagstavlorna 4 féljande offentliga institutioner: Stockholms Hégskola, 
Tekniska Hégskolan, ‘Bergshégskolan, J ernkontoret, Sv. Geol. Undersékning, Statens Meteorologisk- 
Hydrografiska Anstalt, Statens Skogsforsdksanstalt, Statens Jarnvagars Geotekniska avd., Upsala 
Univ:s Geolog., Geogr., Paleont. och Vaxtbiol. inst. samt Lunds Univ:s Geol. inst. 

Personlig kallelse till sammantradena utfardas p& darom gjord framstallning a 
sekreteraren. 

Haftena utdelas sammantrddesdagarna i januari, mars, maj och november. 


Uppsatser, avsedda att inféras i Férhandlingarna, insindas till Foreningens sekreterare, 
Bragevigen 29, Djursholm 2. Atfoljande tavlor och figurer bora vara fullt fardiga till 
reproduktion, di de jamte uppsatsen sandas. 

I Forhandlingarna m& uppsatser — férutom p& skandinaviskt sprik — inféras p& en- 
gelska, franska eller tyska; dock vare forfattare skyldig att i de fall di Styrelsen anser sf- 
dant énskviart bifoga en resumé p& skandinayiskt sprak. 

Manuskript, skrivet p& frimmande sprak, skall vara granskat ay sakkunnig sprakman, 
varom meddelande giéres till sekreteraren. 

Darest korrektionskostnaderna fér inférd uppsats uppga till mera an 16 kronor pr 
tryckark, vare férfattare skyldig att erlagga det Sverskjutande beloppet, sivida det uppgar 
till minst 10 kr. pr uppsats. 

Férfattare erhdller gratis av inférda uppsatser 75 separat i omslag utan titel; ytter- 
ligare ex. samt ev. omslagstitel betalas av férf. Av notiser, anmilanden och foredragsreferat 
lamnas separat endast efter sirskild Sverenskommelse. 


Referat honoreras s&lunda (Foren. beslut 7/12 1911): 


lista sidan eller del dirav ..... . . efter 20 dre pr tryckrad. 
ritibes © ee > ding Sc ee 3. 15a > 
3:dje > esas ao .o” a) ReeRe None oP 2G Oe > 


Féljande sidor honoreras icke. 
Anmilan om foredrag géres i god tid hos sekreteraren. 


Ledamiternas arsavgifter, vilka enligt § 7 av Foreningens stadgar skola vara inbetalda 
senast den 1 mars, insindas till Foreningens skattmistare, Dr K. E. Sanrsrrém, Sverig 
Geologiska Undersékning, Stockholm 50, till vilken Foreningens ledaméter aven torde 


insinda uppgifterom 4andringar av adresser och titlar. c 
Arsavgiften utgér kr. 15: —, avgift sisom stindig ledamot kr. 200: —. Ledamot, 


som under en féljd av minst 20 &r erlagt Arlig ledamotsavgift, kan bliva stindig ledam 
mot en avgift av kr. 100: —. 


——e | 


Liay Samer ya 


